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I n  con junc t ion  w i t h  t h e  Na t iona l  Accident Sampling System (NASS) which 
i s  being e s t a b l i s h e d  by lJHTSA t o  c o l l e c t  d a t a  on a n a t i o n a l l y  r e p r e s e n t a t i v e  
sample of a c c i d e n t s  t h e r e  is a need f o r  corresponding d a t a  on exposure t o  
t h e  r i s k  of a c c i d e n t  so t h a t  r e l i a b l e  a c c i d e n t  r a t e s  can be determined. 
Tne Highway S a f e t y  Research I n s t i t u t e  was awarded a c o n t r a c t  t o  des ign  a 
Na t iona l  Exposure Data System (NEDS) and t o  p lan  a p i l o t  t e s t  of t h i s  de- 
s i g n .  
A f t e r  e x t e n s i v e  review of p rev ious  exposure r e s e a r c h  s t u d i e s  and 
e v a l u a t i o n  of t h e  v a r i o u s  des ign  a l t e r n a t i v e s  a v a i l a b l e ,  a number of 
f e a t u r e s  of t h e  recornended des ign  were e s t a b l i s h e d .  It should be a house- 
hold i n t e r v i e w  survey i n  which s e l e c t e d  d r i v e r s  a r e  asked t o  provide infor- .  
mation about a l l  d r i v i n g  t r i p s  made on one o r  more predesignated days ,  and 
i t  should t ake  p l a c e  i n  t h e  same primary sampling a r e a s  used f o r  NASS. Not 
enough informat ion was found i n  p a s t  s t u d i e s  t o  permit  recommending t h e  
s i n g l e  most c o s t - e f f e c t i v e  household d a t a  c o l l e c t i o n  procedures ,  and i t  is  
proposed t h a t  a p i l o t  methodological  s tudy  be  c a r r i e d  ou t  over  12 months 
t o  p rov ide  t h e  e s s e n t i a l  d a t a  base  f o r  t h i s  d e c i s i o n .  
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EXECUTIVE SUMMARY 
The National  Highway T r a f f t c  Safe ty  Administration i n  t h e  U.S. 
Department of Transpor ta t ion  f s  in t h e  process  of e s t a b l i s h i n g  a National 
Accident Sampling System (NASS) t o  c o l l e c t  n a t i o n a l l y  r ep re sen ta t ive  da t a  
on motor v e h i c l e  acc idents .  When f u l l y  implemented NASS w i l l  involve 35-60 
permanent acc ident  i n v e s t i g a t i o n  teams loca t ed  i n  a con t ro l l ed  probab- 
i l i t y  sample of geographic a r e a s  throughout the  United S t a t e s .  I n  order  
t o  determine and compare acc iden t  r a t e s  f o r  var ious  types of d r i v e r ,  
veh ic l e ,  roadway, and environmental ca t egor i e s  of concern i t  is  necessary 
t o  ob ta in  r e l i a b l e  measures of exposure i n  t he  same ana lys i s  ca t egor i e s  
a s  t h e  acc ident  da t a .  Wfth r e l i a b l e  n a t i o n a l  es t imates  of t he  number of 
miles  t r a v e l l e d  i n  some category (e .g . ,  aged 16-20) a s  the denominator 
arid of the  number of acc iden t s  in t h a t  category a s  t h e  numerator, i t  w i l l  
be poss ib l e  t o  determine a r e l i a b l e  acc ident  r a t e  f o r  t h a t  ca tegory .  
These acc ident  r a t e  da t a  w i l l  then  permit g r e a t  improvements i n  t he  
a b i l i t y  t o  compare t h e  magnitudes of var ious  highway s a f e t y  problems 
which i n  t u r n  w i l l  hopefu l ly  l ead  t o  improved planning and eva lua t ion  
of countermeasure programs. 
The Highway Safety Research I n s t i t u t e  was awarded a con t r ac t  t o  de te r -  
mine the  most cos t - e f f ec t ive  design f o r  an on-going National Exposure Data 
System (NEDS) t o  c o l l e c t  n a t i o n a l  exposure da t a  a s  a complement t o  the  
continuous NASS acc ident  d a t a  c o l l e c t i o n  program. This con t r ac t  ca l l ed  f o r  
a l i t e r a t u r e  review of p a s t  exposure research  methods: prel iminary evalu- 
a t i o n  of var ious  NEDS design a l t e r n a t i v e s ;  determinat ion of recommended 
designs a t  t h r e e  annual c o s t  l e v e l s  ($1,500,000; $1,000,000; and $500,000); 
and a d e t a i l e d  p lan  f o r  p i l o t  t e s t i n g  the  recommended design. The following 
r e p o r t  t akes  up these  fou r  t a s k s  i n  o rde r .  However, i t  was determined t h a t  
t h e r e  was i n s u f f i c i e n t  d a t a  a v a i l a b l e  from p a s t  exposure s t u d i e s  t o  permit 
f i n a l  recommendations regarding a l l  a spec t s  of t he  NDS design. Consequently, 
i n  p lace  of p i l o t  t e s t i n g  a s i n g l e  design it is proposed t h a t  t he  p i l o t  
v i i  
t e s t  phase inc lude  f u r t h e r  methodological research  on the  most c o s t -  
e f f e c t i v e  method of c o l l e c t i n g  r e l i a b l e  t r a v e l  d a t a  i n  a  household i n t e r -  
view and on the  r e l a t i v e  t r ade -o f f s  between in te rv iewing  one o r  a l l  
d r i v e r s  i n  sample households.  Before embarking on such an expensive long- 
term exposure survey program i t  seems e s s e n t i a l  t h a t  t h i s  methodological  
research  be c a r r i e d  out  t o  determine t h e  most c o s t - e f f e c t i v e  d a t a  c o l l e c t i o n  
procedures ,  
The bas i c  recommended NEDS des ign  c a l l s  f o r  t h e  es tab l i shment  
of a  conttnuous program of c o l l e c t i n g  d r i v e r  t r i p  information f o r  one o r  
more days i n  a  sample of households in the  same primary sampling a r e a s  used 
f o r  t he  NASS acc iden t  d a t a  c o l l e c t i o n .  For each s e l e c t e d  d r i v e r ,  i n f o r -  
mation would be obta ined  on h i s / h e r  age,  sex,  r e l a t i o n s h i p  t o  household 
head, d r iv ing  exper ience ,  acc iden t  experience f o r  t h r e e  months, es t imated  
annual  mileage, phys i ca l  handicaps and l i c e n s e  r e s t r i c t i o n s ,  and type  of 
d r i v e r  educat ion.  For each t r i p  d r iven  on the  predesignated Trave l  Day(s),  
information would be obta ined  on t r i p  o r i g i n ,  d e s t i n a t i o n ,  purpose,  d i s t a n c e ,  
and dura t ion ;  v e h i c l e  make, model, yea r ,  body type,  occupant p r o t e c t i o n  
dev ices ,  cu r r en t  odometer r ead ing ,  and month of purchase i f  purchased new; 
d r i v e r  s e a t b e l t  use;  age ,  s ex ,  s e a t i n g  l o c a t i o n ,  and r e l a t i o n s h i p  t o  d r i v e r  
of each passenger; d i s t a n c e  on four  b a s i c  road types ;  and road mois ture  
condi t ions .  Among these  recommended d a t a  elements t he  only ones no t  cur- 
r e n t l y  co l l ec t ed  i n  t h e  NASS p ro toco l  a r e  recent  acc iden t  exper ience ,  
d r i v e r  r e l a t i o n s h i p  t o  household head, d r i v e r  phys i ca l  handicaps,  month of 
new veh ic l e  purchase,  and passenger  r e l a t i o n s h i p  t o  d r i v e r .  
It i s  recommended t h a t  t he  Census Bureau's Demographic Surveys Divis ion 
be supported t o  c a r r y  out  t h e  NEDS survey,  j u s t  a s  i t  c a r r i e s  ou t  many 
o t h e r  na t iona l  surveys f o r  t h e  f e d e r a l  governnent, such a s  t h e  Current  
Populat ion Survey and t h e  Heal th  In te rv iew Survey. No o t h e r  survey organ- 
i z a t i o n  has t he  a b i l i t y  t o  o b t a i n  a s  h igh  response r a t e s  from t h e  
American publ ic  a s  does t h e  Census Bureau,and it is  doubt fu l  t h a t  any 
o t h e r  organiza t ion  could provide and supe rv i se  in te rv iewers  i n  a l l  of the  
NASS primary sampling a r e a s  a s  e f f e c t i v e l y  a s  could the  Census Bureau. 
Before e s t ima t ing  t h e  t o t a l  sample s i z e s  which could be  obta ined  a t  
t h e  t h r e e  suggested c o s t  l e v e l s ,  i t  w i l l  b e  necessary t o  complete the  
v i i i  
proposed methodological research on data collection methods. This proposed 
methodological research has two stages, a Validation Study and a Comparative 
Study. The Validation Study is concerned with how much people underreport 
trips made on a previous day during a simple-recall household interview. 
Using samples based on the observation of vehicles in parking lots, three 
data collection methods wfll be validated in terms of the percentage of 
observed vehicle trips actually reported in the subsequent household inter- 
views. The three methods are: 011) a simple-recall in-person interview, 
such as used by the Census Bureau in its 1977-78 Nationwide Personal Trans- 
portation Survey; 012) a simple-recall in-person interview with a detailed 
probing technique devised with the help of the Interviewing Methodology 
Section of the University of Michigan Institute for Social Research; and 
(V3) a simple-recall telephone interview also using the probing technique. 
The proposed Comparative Study will then go on to compare the results 
of eight potential data collection methods carried out in eight similar 
household samples. These methods are: (Cl) simple-recall in-person inter- 
view, (C2) simple-recall random digit dialing telephone interview, (C3) 
mailing of a one-day trip log form followed by an in-person interview, 
(C4) an in-person visit to leave a trip log form followed by an in-person 
interview, ( C 5 )  an in-person visit to leave a trip-log form followed by a 
telephone interview, (C6) a random digit dialing telephone interview followed 
by mailing a trip log forin and another telephone interview, (C7) an in- 
person visit to place a 7-day travel diary followed by an in-person inter- 
view with no respondent compensation, and (C8) an in-person visit to 
place a 7-day travel diary followed by an in-person interview with $20 
respondent compensation. In addition, the method of tracing trips on maps 
to obtain more detailed road characteristics data will be tested as part 
of some of the above procedures. 
A third proposed study during the pilot phase involves analysis of. 
the 1977-78 Nationwide Personal Transportation Survey data to detsrmine the 
tradeoffs in terms of cost, data quality, and statistical precision of 
interviewing one driver per selected household versus all drivers per 
selected household. 
The r e s u l t s  o f  t h e s e  s t u d i e s  w i l l  be e v a l u a t e d  i n  r e l a t i o n  t o  c o s t ,  
completeness  of t r i p  r e p o r t i n g ,  r e s p o n s e  r a t e s ,  coverage  of t h e  r e l e v a n t  
p o p u l a t i o n ,  a c c u r a c y  o f  t r i p  d i s t a n c e  d a t a ,  and completeness  o f  r e p o r t i n g  
o t h e r  t r i p  v a r i a b l e s .  These f i n d i n g s  w i l l  t h e n  b e  used t o  f i n a l i z e  t h e  
recommended d a t a  c o l l e c t i o n  p rocedures  i n  t h e  complete  NEDS d e s i g n  and t o  
de te rmine  t h e  recommended sample s i z e  f o r  each of t h e  t h r e e  c o s t  l e v e l s .  
Th i s  f u r t h e r  compara t ive  methodolog ica l  r e s e a r c h  i s  c o n s i d e r e d  e s s e n t i a l  
b e f o r e  t h e  government commits i t s e l f  t o  a  long-term NEDS program u s i n g  a 
p a r t i c u l a r  d a t a  c o l l e c t i o n  method. Th is  p i l o t - t e s t  phase  r e s e a r c h  would 
r e q u i r e  twelve months and about  $290,000. 
INTRODUCTION 
One of the  most s ign i f i can t  recent developments i n  the f i e l d  of 
highway safe ty  research was the decis ion of the National Highway Tra f f i c  
Safety Administration (NHTSA) i n  the U.S. Department of Transportation 
to  e s t ab l i sh  a National Accident Sampling System (NASS) . The United 
S ta tes  i s  t he  f i r s t  nat ion t o  i n i t i a t e  implementation of an on-going 
system f o r  the  co l l ec t ion  of de ta i led  information on a control led 
probabi l i ty  sample of t r a f f i c  accidents.  When f u l l y  establ ished NASS i s  
expected to  deploy 35-60 ful l - t ime accident inves t iga t ion  teams i n  a 
control led probabi l i ty  sample of geographic areas  to  co l l ec t  data  on 
about 20.000 accidents annually. Ten p i l o t  NASS teams were s e t  up i n  
1977, and i t  i s  hoped t h a t  the e n t i r e  NASS program w i l l  be operat ional  
by 1981 o r  1982. 
Early i n  the i n i t i a l  design s t age  f o r  NASSy i t  was concluded tha t  
exposure da ta ,  i n  addi t ion  t o  accident da ta ,  should be col lected i n  
order to provide more comprehensive and de ta i led  information to  support 
the  Federal highway sa fe ty  program e f f o r t .  Accident data  alone would 
provide grea t ly  needed na t iona l  estimates on the magnitude of the 
accident problem ( i .e . ,  how many acc idents ,  i n j u r i e s ,  and f a t a l i t i e s  
occurred a s  a funct ion of various d r ive r ,  vehicle ,  and roadway/ 
environmental f a c t o r s ) .  However, If some measure were a l so  made 
ava i lab le  which recorded the  extent  of exposure i n  these same d r ive r ,  
vehic le ,  and roadway categories ,  then the bas i s  would be avai lable  f o r  
the  ca lcu la t ion  of accident r a t e s  i e  accidents  per un i t  measure of 
exposure). I f  t h i s  exposure measure were common across a l l  accident 
ca tegor ies ,  one could compare and analyze these r a t e s  to  determine which 
exposure condition, o r  combination of conditions,  was associated with 
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g r e a t e r  acc iden t  r i s k s  o r  w i t h  h i g h e r  i n j u r y  s e v e r i t i e s .  I n  t h i s  way, 
more d e f i n i t i v e  d a t a  and a n a l y t i c a l  suppor t  would be provided f o r  t h e  
development and e v a l u a t i o n  of countermeasures. Assuming both  acc iden t  
and exposure d a t a  were c o l l e c t e d  on a  con t inu ing  b a s i s ,  a  b e t t e r  
founda t ion  would a l s o  be a v a i l a b l e  f o r  unders tanding t h e  changes which 
occur i n  t h e  a c c i d e n t  popula t ion  over time. These inc lude ,  f o r  example, 
a c c i d e n t s  and i n j u r i e s  a s  a  f u n c t i o n  of exposure,  such a s  changes i n  
v e h i c l e  mix ( s m a l l e r  c a r s ,  more motorcycles  and mopeds, l a r g e r  t r u c k s ,  
e t c . ) ;  changes, e i t h e r  up o r  down, i n  n a t i o n a l  speed l i m i t s ;  changes i n  
t h e  a v a i l a b i l i t y ,  type,  and usages  of occupant r e s t r a i n t  sys tems;  e t c .  
In  o r d e r  t o  proceed toward t h e  es tab l i shment  of an  on-going system 
of c o l l e c t i n g  motor v e h i c l e  exposure d a t a  NHTSA c o n t r a c t e d  w i t h  t h e  
U n i v e r s i t y  of Michigan Highway Safe ty  Research I n s t i t u t e  (HSRI) t o  
determine t h e  most c o s t - e f f e c t i v e  des ign  of a  Na t iona l  Exposure Data 
System (NEDS). Almost a l l  p rev ious  resea rch  s t u d i e s  had found v e h i c l e  
mi les  t r a v e l e d  (VMT) t o  be  t h e  most p r a c t i c a b l e  measuring u n i t  f o r  
quan t i fy ing  exposure t o  t h e  r i s k  of a  motor v e h i c l e  a c c i d e n t  ( s e e  
e s p e c i a l l y  C a r r o l l ,  1973),  and t h e  c o n t r a c t  c a l l e d  f o r  t h e  use  of VMT a s  
t h e  b a s i c  measure of exposure t o  be obta ined i n  a s  many r e l e v a n t  
c a t e g o r i e s  of d r i v e r ,  v e h i c l e ,  and environmental  v a r i a b l e s  u s e f u l  i n  
a c c i d e n t  a n a l y s i s  a s  f e a s i b l e .  The c o n t r a c t  c a l l e d  f o r  developing NEDS 
des igns  a t  t h r e e  annual c o s t  l e v e l s  of e f f o r t :  $500,000;.$1,000,000; and 
$1,500,000. 
The primary purpose of NEDS w i l l  be t o  provide motor v e h i c l e  
exposure d a t a  a s  a  complement t o  t h e  NASS a c c i d e n t  d a t a ,  so  t h a t  
a c c i d e n t  r a t e s  can be cons t ruc ted  us ing NASS d a t a  i n  t h e  numerator and 
NEDS d a t a  i n  t h e  denominator. The NEDS d a t a  w i l l  a l s o  be u s e f u l  i n  
providing an exposure b a s e  f o r  comparison wi th  o t h e r  types  of a c c i d e n t  
d a t a  c o l l e c t i o n s  such a s  t h e  F a t a l  Accident Report ing System (FARS). I n  
a d d i t i o n  t o  i t s  v a l u e  i n  a id ing  s a f e t y  programs, i t  i s  expected t h a t  
r e l i a b l e  n a t i o n a l  VMT d a t a  w i l l  be u s e f u l  t o  t h e  planning and e v a l u a t i o n  
programs of o t h e r  government agenc ies ,  p a r t i c u l a r l y  t h e  Federa l  Highway 
Adminis t ra t ion b u t  a l s o  such o r g a n i z a t i o n s  a s  t h e  Environmental 
P r o t e c t i o n  Agency and t h e  Department of Energy. 
The c o n t r a c t  c a l l e d  f o r  t h e  completion of four  t a s k s  i n  planning 
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f o r  NEDS: a l i t e r a t u r e  review, a preliminary ana lys i s  of system design 
a l t e r n a t i v e s ,  a f i n a l  de t a i l ed  system design, and a plan f o r  a p i l o t  
t e s t  of t h i s  design. The subsequent repor t  contains  separa te  sec t ions  
devoted to  each of these  tasks.  However, i t  should be noted t h a t  the  
l i t e r a t u r e  review and the  preliminary ana lys is  of po ten t i a l  design 
a l t e r n a t i v e s  did not provide enough information to  determine a l l  aspec ts  
of the  most cos t  e f f e c t i v e  design f o r  NEDS. Therefore, ins tead  of 
planning f o r  a p i l o t  t e s t  of a s i n g l e  ove ra l l  design, Section 5 presents  
recommendations f o r  including i n  the p i l o t  t e s t  phase a number of small  
va l ida t ion  and comparative s tud ie s  whose r e s u l t s  w i l l  be needed before 
f i n a l i z i n g  a l l  aspec ts  of t he  recommended NEDS design. 
The remainder of t h i s  r epo r t  c o n s i s t s  of f i v e  sec t ions .  Section 2 
presents  t he  r e s u l t s  of an extensive review of the methods used i n  
var ious pas t  motor veh ic l e  exposure s tudies .  Then Section 3 discusses  
t h e  advantages and disadvantages of the  various a l t e r n a t i v e s  ava i l ab l e  
i n  regard t o  seven aspec ts  of a NEDS design: data  elements, sampling 
areas ,  sampling elements and sources,  da ta  co l l ec t ion  methods, timing, 
survey adminis t ra t ion ,  and sample s i z e  and cos ts .  Section 4 presents  
some recommended f ea tu re s  of t he  NEDS design,  while Section 5 concludes 
by out l in ing  th ree  s p e c i f i c  methodological s tud ie s  needed before 
determining a l l  t he  components of the  most cos t -e f fec t ive  NEDS design. 
F ina l ly  Section 6 contains  an extensive l i s t  of references,  published 
and unpublished. 
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2 .  REVIEW OF PREVIOUS EXPOSURE RESEARCH METHODS 
Not s u r p r i s i n g l y ,  cons ider ing  t h e  important r o l e  of t h e  automobile 
i n  American l i f e  and i n  governmental expendi tures  on roads and s t r e e t s ,  
t h e r e  i s  a long h i s t o r y  i n  America of surveys of t h e  motoring p u b l i c  
concerning p a t t e r n s  of d r i v i n g  behavior.  These can be d iv ided  i n t o  
t h r e e  types:  genera l  surveys ,  t r ip -by- t r ip  r e c a l l  surveys ,  and t r i p - i n -  
p rocess  surveys.  Each of t h e s e  types  w i l l  be reviewed below. 
2.1 General  Surveys 
These surveys ask respondents  t o  make genera l  e s t i m a t e s  about how 
much d r i v i n g  they have done dur ing s p e c i f i c  time per iods ,  and they may 
a l s o  ask respondents  t o  e s t i m a t e  percentages  of t h i s  d r i v i n g  done under 
v a r i o u s  weather o r  l i g h t  c o n d i t i o n s ,  on d i f f e r e n t  types  of road,  e t c .  
The most ex tens ive  of t h e s e  surveys  i s  t h e  n a t i o n a l  exposure survey 
c a r r i e d  out  by HSRI under NHTSA sponsorship  i n  1970 ( C a r r o l l ,  e t  a l . ,  
1971). This involved in te rv iews  wi th  7145 d r i v e r ' s  l i c e n s e  renewal 
a p p l i c a n t s  i n  37 o f f i c e s  i n  18 of t h e  2 4  s t a t e s  which then required a 
pe rsona l  appearance f o r  l i c e n s e  renewal. Respondents were asked t o  
e s t i m a t e  t h e i r  d r i v i n g  mileage dur ing t h e  previous  7 days and during t h e  
previous 30 days and a l s o  t o  appor t ion  t h i s  mileage among var ious  road 
types  and o t h e r  d r i v i n g  cond i t ions .  Information was a l s o  obtained about 
t h e  type of v e h i c l e  d r i v e n  most and about some persona l  c h a r a c t e r i s t i c s .  
S imi la r  l a rge-sca le  g e n e r a l  s t u d i e s  i n  l i c e n s e  renewal o f f i c e s  have been 
conducted i n  C a l i f o r n i a  (Burg, 1973) and North Carol ina  (Stewart ,  1973), 
and Pe lz  and Schuman (1971) c a r r i e d  out a genera l  home in-person survey 
on d r i v i n g  behavior  among 3000 motor i s t s  i n  D e t r o i t  suburban households. 
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I n  A u s t r a l i a  t h e  Bureau of  S t a t i s t i c s  (1977) h a s  c a r r i e d  o u t  a 
s e r i e s  of mail s u r v e y s  (1963,  1971, 1976) t o  samples  of v e h i c l e s  owners 
(53,000 i n  1976) a s k i n g  abou t  a n n u a l  mi l eage  and g e n e r a l  u sage  
c h a r a c t e r i s t i c s ,  b u t  r e s p o n s e  r a t e s  and follow-up p rocedures  a r e  n o t  
mentioned i n  t h e  r e p o r t .  I n  Nor th  C a r o l i n a  White (1976) r e p o r t s  a  63% 
r e t u r n  of  a  g e n e r a l  m i l e a g e  and usage  q u e s t i o n n a i r e  ma i l ed  t o  a  1974 
sample of v e h i c l e  owners. T h i s  s u r v e y  u t i l i z e d  one fol low-up m a i l i n g  t o  
non-respondents  a f t e r  3 weeks. 
Undoubtedly many o t h e r  s o c i a l  s u r v e y s  have  asked similar g e n e r a l  
q u e s t i o n s  conce rn ing  d r i v i n g  behav io r .  U n f o r t u n a t e l y ,  t h e  few s t u d i e s  
a v a i l a b l e  which compare d r i v e r  e s t i m a t e s  w i t h  a c t u a l  odometer  r e a d i n g s  
s u g g e s t  c o n s i d e r a b l e  u n r e l i a b  i l i t y  i n  many i n d i v i d u a l  e s t i m a t e s  
( C a r r o l l ,  e t  a l . ,  1971; House and W a l l e r ,  1972; White, 1976) .  Fo r  
example, White compared a n n u a l  mi l eages  de termined f r cm Nor th  C a r o l i n a  
v e h i c l e  i n s p e c t i o n  r e c e i p t s  w i t h  owner e s t i m a t e s  from a m a i l  s u r v e y .  The 
a c t u a l  mean was 9523 m i l e s  compared t o  9946 m i l e s  a s  t h e  mean of t h e  
estimates, a d i f f e r e n c e  of l e s s  t h a n  5%. However, t h e  s t a n d a r d  
d e v i a t i o n  of t h e  d i f f e r e n c e  was 5363 m i l e s ,  i n d i c a t i n g  t h a t  t h e  
e s t i m a t e s  of o n e  t h i r d  of t h e  owners were  d i f f e r e n t  from t h e  a c t u a l  
m i l e a g e s  by more t h a n  50%. 
One would a l s o  e x p e c t  g r e a t  u c r e l i a b i l i t y  i n  p e r c e n t a g e  e s t i m a t e s  
by n i g h t  and day ,  d i f f e r e n t  road  t y p e s ,  e t c .  These  s e p a r a t e  e s t i m a t e s  
f o r  d i f f e r e n t  v a r i a b l e s  a l s o  p r e s e n t  a  problem i n  a n a l y s i s  because  one  
canno t  p r o p e r l y  p u t  them t o g e t h e r  f o r  more d i s c r e t e  c l a s s i f i c a t i o n s  
(e .g . ,  p e r c e n t a g e  of m i l e s  d r i v e n  on f reeways  a t  n i g h t ) .  For  t h e s e  
r e a s o n s  t h e  g e n e r a l  approach h a s  been  r e j e c t e d  i n  p l a n n i n g  f o r  NEDS i n  
f a v o r  of  some means o f  o b t a i n i n g  s p e c i f i c  t r i p  i n f o r m a t i o n  f o r  
a g g r e g a t i o n  i n t o  m i l e a g e  t o t a l s  i n  v a r i o u s  c a t e g o r i e s  f o r  v a r i o u s  t i m e  
p e r i o d s .  
2 . 2  Trip-by-Trip R e c a l l  Surveys  
The v a s t  m a j o r i t y  of  s u r v e y s  of  t h i s  t y p e  found i n  t h e  l i t e r a t u r e  
have  been  o r i g i n - d e s t i n a t i o n  s u r v e y s  sponsored  by urban  and r e g i o n a l  
p l a n n i n g  a u t h o r i t i e s .  They have  g e n e r a l l y  i nvo lved  s e l e c t i n g  a sample 
of dwe l l ing  u n i t s  and c o n t a c t i n g  t h e  d w e l l i n g  u n i t  i n  p e r s o n  t o  o b t a i n  
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informat ion about a l l  t r i p s  made by a l l  household members over a c e r t a i n  
age on a s p e c i f i c  r e c e n t  day ( t h e  Travel  Day). Procedures f o r  t h e s e  
surveys  were publ ished i n  a manual by t h e  Bureau of Pub l ic  Roads i n  1944 
and rev i sed  i n  1946 and 1954 (Manual of Procedures f o r  Home In te rv iew 
T r a f f i c  S t u d i e s ) .  Barkley (1951) says  t h e  f i r s t  such survey was c a r r i e d  
o u t  by t h e  Ohio Department of Highways i n  Toledo i n  1942, and t h a t  by 
1945 55 c i t i e s  had conducted such s t u d i e s .  More r e c e n t l y  a new Federal  
Highway Adminis t ra t ion (FHWA) manual (1975) l i s t s  301 household t r a v e l  
surveys  conducted i n  228 urban a r e a s  from 1944 t o  1975. I n  another  
survey planning document prepared f o r  t h e  FRWA DiRenzo l i s t s  f i v e  such 
r e g i o n a l  o r  s t a tewide  household o r i g i n - d e s t i n a t i o n  surveys (1  976). 
Most of t h e s e  surveys have used a r a t h e r  microscopic d e f i n i t i o n  of 
" t r i p "  a s  one-way t r a v e l  from one p l a c e  t o  another  p lace  wi th  a d i s t i n c t  
purpose o r  s e t  of purposes and wi th  no change i n  mode of t r a v e l  o r  ( i f  
d r i v i n g )  i n  t h e  number of passengers.  Thus s topping t o  buy c i g a r e t t e s  
o r  t o  drop o f f  a passenger i s  u s u a l l y  de f ined  a s  t e rmina t ing  one " t r i p "  
and i n i t i a t i n g  a new one -- although respondents o f t e n  have d i f f i c u l t y  
desc r ib ing  t h e i r  t r i p s  i n  such d i s c r e t e  terms. Many of t h e s e  surveys 
have no t  asked f o r  rLsp0ndent.s' e s t i m a t e s  of t h e  d i s t a n c e  of each t r i p ,  
s i n c e  t h e  o r i g i n  and d e s t i n a t i o n  l o c a t i o n s  themselves a r e  usua l ly  
s u f f i c i e n t  f o r  t h e  in te r -zona l  t r i p  c l a s s i f i c a t i o n  a n a l y s i s  c a r r i e d  out 
by urban t r a n s p o r t a t i o n  planners .  However, t h r e e  p a i r s  of surveys  which 
included t r i p  d i s t a n c e  informat ion (Sioux Ci ty ,  Reading, and D e t r o i t )  
were analyzed by Bellomo, D i a l ,  and Voorhees (1970) i n  t h e i r  
demonstration of a t rend toward inc reased  average t r i p  l eng ths  i n  
American d r iv ing .  
There have a l s o  been a few n a t i o n a l  in-person in te rv iew s t u d i e s  
which have been concerned wi th  t r ip -by- t r ip  r e c a l l  of t r a v e l  behavior on 
a p a r t i c u l a r  Travel  Day. For example, under FHWA sponsorship t h e  
Univers i ty  of Michigan I n s t i t u t e  f o r  S o c i a l  Research conducted a panel  
s tudy  of met ropo l i t an  households i n  1963 and 1965 which focused on the  
journey t o  work bu t  which a l s o  obtained informat ion on a l l  household 
t r i p s  f o r  t h e  previous  day (Lansing and Hendricks,  1967). Similar  
nationwide s t u d i e s  were c a r r i e d  out by Chi l ton  Research Serv ices  and by 
Nat ional  Anaiysts  i n  1968 under t h e  sponsorship  of t h e  Nat ional  
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Cooperative Highway Research Program (McMillan and Assael ,  1968, 1969),  
and by Cambridge Systemat ics  i n  1978 (wi th  Westat ,  Inc .  a s  survey 
s u b c o n t r a c t o r )  under Nat ional  Science Foundation sponsorship  (Sherman, 
I n  1969-70 under FHWA sponsorship  t h e  Census Bureau c a r r i e d  out  t h e  
f i r s t  Nationwide Persona l  T r a n s p o r t a t i o n  Survey us ing Trave l  Day r e c a l l  
a s  t h e  h e a r t  of i t s  household i n t e r v i e w ,  and FHWA publ ished e leven  
r e p o r t s  from t h i s  s tudy  i n  t h e  1972-74 per iod .  The Census Bureau h a s  
a l s o  c a r r i e d  ou t  a  s e r i e s  of Na t iona l  Trave l  Surveys (1963, 1967, 1972) 
us ing mail q u e s t i o n n a i r e  procedures  t o  f i n d  ou t  about t r i p s  over  100 
mi les  one-way taken  by members of a  sample of households. I n  1977-78 a  
second Nationwide Persona l  T r a n s p o r t a t i o n  Survey was merged w i t h  t h e  
Nat ional  Trave l  Survey us ing in-person i n t e r v i e w  methods t o  o b t a i n  both  
long t r i p  and T r a v e l  Day t r i p  in format ion  f o r  more than 20,000 American 
households spread over a  twelve-month per iod .  The t r i p  in format ion  
c o l l e c t e d  i n c l u d e s  o r i g i n ,  d e s t i n a t i o n ,  beginning time, purpose,  means, 
companions, d i s t a n c e ,  d u r a t i o n ,  v e h i c l e  used,  and mapping of t r i p s  
c r o s s i n g  a  rura l -urban boundary. Households s e l e c t e d  f o r  t h i s  survey 
were v i s i t e d  a s  soon a f t e r  t h e  p redes igna ted  Trave l  Day a s  p o s s i k l e  up 
t o  f o u r  days l a t e r ,  and c a l l b a c k s  were made f o r  over-14 household 
members who were no t  a v a i l a b l e  a t  t h e  i n i t i a l  con tac t .  The o v e r a l l  
response r a t e  f o r  e l i g i b l e  respondents  was about 83%. The average 
number of t r i p s  repor ted  per  household f o r  persons  aged over  4 y e a r s  was 
5.9 i n  t h e  f i r s t  q u a r t e r  (April-June 1977) and 4.9 i n  the  second q u a r t e r  
(excluding p r o f e s s i o n a l  d r i v e r  t r i p s  and walking and b i c y c l e  t r i p s  by 
persons  under 15) .  
An in-person Trave l  Day r e c a l l  survey was a l s o  implemented by H S R I  
i n  Michigan d r i v e r  l i c e n s e  renewal o f f i c e s  throughout 1976 (Lee and 
Wolfe). A sample of 7721 renewal a p p l i c a n t s  were in terviewed by l i c e n s e  
o f f i c e  personnel  and asked about a l l  t r i p s  d r iven  on one of t h e  t h r e e  
p rev ious  days. Of course  such a  survey procedure  can not  i n c l u d e  
r e c e n t l y  l i c e n s e d  d r i v e r s ,  n o r  can i t  b e  used s a t i s f a c t o r i l y  i n  s t a t e s  
which permit  l i c e n s e  renewal by mai l .  
A longer  s imple - reca l l  t r i p  survey was c a r r i e d  out  i n  Grea te r  
London i n  1954 (Dawson and Wardrop, 1962).  I n  household in te rv iews  
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r e sponden t s  were  asked t o  r e c a l l  a l l  of t h e i r  t r i p s  i n  t h e  p rev ious  
seven  days.  However, t h e  d i f f i c u l t i e s  of o b t a i n i n g  a c c u r a t e  r e c a l l  of 
t r i p s  w i t h o u t  t h e  a s s i s t a n c e  of memory z i d s  ove r  such  a l ong  p e r i o d  i s  
demonst ra ted  by t h e  f a c t  t h a t  t h e  ave rage  number of c a s u a l  (non-regular )  
t r i p s  r e p o r t e d  was more than  t w i c e  a s  l a r g e  on t h e  l a s t  r e p o r t i n g  day a s  
on t h e  f i r s t  r e p o r t i n g  day. 
2.2.1 Aided T r i p  R e c a l l  Surveys I n  t h e  hope of o b t a i n i n g  more 
comple te  r e c a l l  of a l l  household  t r i p s  on t h e  d e s i g n a t e d  T r a v e l  Day, a 
number of su rveys  have  used a two-contact p rocedure  t o  p r o v i d e  
r e sponden t s  w i t h  a t r i p  r e c o r d  form p r i o r  t o  t h e  T r a v e l  Day. A s  used i n  
C a l i f o r n i a ,  t h i s  two-contact  p rocedure  i n v o l v e s  a c o n t a c t  i n t e r v i e w  i n  
which g e n e r a l  household  i n f o r m a t i o n  i s  o b t a i n e d  and t h e  n e c e s s a r y  number 
of t r i p  r eco rd  forms a r e  l e f t ,  fo l lowed by a t r i p  d a t a  i n t e r v i e w  a s  soon 
a s  p o s s i b l e  a f t e r  t h e  T r a v e l  Day (Fresno-Clovis  Area T r a n s p o r t a t i o n  
Study,  1973; Ochoa, 1976; San Diego County Comprehensive P lann ing  
O r g a n i z a t i o n ,  1977) . Obviously two i n t e r v i e w s  w i l l  g e n e r a l l y  b e  more 
expens ive  than  one  i n t e r v i e w ,  b u t  C a l i f o r n i a  u s e r s  of  t h i s  method seem 
t o  f e e l  t h a t  t h i s  approach pays o f f  i n  p rov id ing  more complete and 
a c c u r a t e  t r i p  i n fo rma t ion .  Usua l ly  t h e  i n t e r v i e w e r  i s  a b l e  t o  e s t a b l i s h  
a d e f i n i t e  time f o r  t h e  second i n t e r v i e w  a t  t h e  c o n t a c t  i n t e r v i e w ,  and 
t h e  second i n t e r v i e w  i s  a l s o  s i m p l e r  t o  conduct  w i t h  t h e  a i d  of t h e  t r i p  
r eco rd  form which most of t h e  r e sponden t s  do use.  
Such t r i p  r e c o r d  forms a r e  a l s o  sometimes s e n t  t o  s e l e c t e d  
households  by mail p r i o r  t o  t h e  d e s i g n a t e d  T r a v e l  Day (Fa lk  and Halp in ,  
1966; Nor th  C a r o l i n a  S t a t e  Highway Commission, 1968?).  A v a r i a n t  on t h e  
two-contact  method known a s  t h e  Voluntary  Re tu rn  method h a s  been used i n  
s e v e r a l  Ohio c i t i e s .  T h i s  i n v o l v e s  a f i e l d  worker dropping  o f f  a 
household  t r i p  "self-enumerat ion" form p r i o r  t o  t h e  T r a v e l  Day and 
p i c k i n g  i t  up a g a i n  a f t e r w a r d s .  I n  Cleveland i n  1963 144,000 T r a v e l  Day 
r e p o r t s  were ob ta ined  by t h i s  method ( an  832 r e sponse  r a t e )  a t  a t o t a l  
su rvey  c o s t  of $4.33 p e r  r e p o r t .  However, Reed (1967) f e l t  t h a t  b e t t e r  
d a t a  cou ld  have  been o b t a i n e d  i f  t h e  f i e l d  workers  had s p e n t  more time 
w i t h  t h e  r e sponden t s  going  ove r  t h e  forms a t  pick-up t ime.  
The B r i t i s h  have p ionee red  i n  conduct ing  a i d e d  r e c a l l  t r i p  su rveys  
ove r  a l o n g e r  p e r i o d  of time, seven days.  The O f f i c e  of Popu la t ion  
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Censuses and Surveys  h a s  conducted  twelve-month N a t i o n a l  T r a v e l  Su rveys ,  
i n  1965-66, 1972-73, 1975-76, and i n  1978-79. As i n  C a l i f o r n i a ,  two 
i n t e r v i e w s  a r e  r e q u i r e d ,  a  p lacement  i n t e r v i e w  t o  p l a c e  t h e  seven-day 
t r i p  d i a r y  w i t h  each  household  member aged t h r e e  and o v e r  ( p a r e n t s  t a k e  
r e s p o n s i b i l i t y  f o r  r e p o r t i n g  t h e  t r i p s  of 3-10 y e a r - o l d s )  and a r e c a l l  
i n t e r v i e w  t o  p i c k  up t h e  d i a r i e s  and t o  r e c o r d  t h e  t r i p  i n f o r m a t i o n .  
P r o f e s s i o n a l  d r i v e r  t r i p s  a r e  exc luded ,  and walk ing  t r i p s  of  less t h a n  
one  mile and time of day  i n f o r m a t i o n  a r e  i n c l u d e d  o n l y  on t h e  s e v e n t h  
day. Sample households  have  a p r e d e s i g n a t e d  day of  t h e  week a s  t h e  s t a r t  
d a t e ,  b u t  i n t e r v i e w e r s  a r e  g i v e n  c o n s i d e r a b l e  f l e x i b i l i t y  a s  t o  when t h e  
p lacement  i n t e r v i e w  i s  conducted.  Thus reminder  c o n t a c t s  j u s t  b e f o r e  
and d u r i n g  t h e  s u r v e y  week a r e  a l s o  o f t e n  madeo Response r a t e s  i n  b o t h  
t h e  1965-66 and 1972-73 s u r v e y s  were  abou t  80% of s e l e c t e d  h o u s e h o l d s ,  
and i n  1972-73 comple te  i n f o r m a t i o n  was o b t a i n e d  from 87% of t h e  
i n d i v i d u a l s  aged t h r e e  and o v e r  i n  t h e s e  c o o p e r a t i n g  househo lds .  
(U.K. Department  of  t h e  Environment,  1976; Rigby,  1977; Das,  1978) .  
I n  t h e  Un i t ed  S t a t e s  W o r r a l l  (1967) exper imented  w i t h  a 28-day 
t r a v e l  d i a r y  i n  a n  o r i g i n - d e s t i n a t i o n  household  s u r v e y  i n  Skokie ,  
I l l i n o i s .  A l l  househo ld  occupan t s  were  t o  r e c o r d  t h e  o r i g i n ,  
d e s t i n a t i o n ,  t i m e ,  pu rpose ,  and companions f o r  a l l  t r i p s  f o r  28 days. A 
number of  reminder  c o n t a c t s  were  made d u r i n g  t h e  r e p o r t i n g  p e r i o d ,  b u t  
s t i l l  o n l y  30 of  t h e  104 sample  househo lds  ma in ta ined  t h e  d i a r y  f o r  t h e  
f u l l  28 days. B u i l t  i n  t o  t h i s  su rvey  was an  exper iment  u s i n g  t h r e e  
l e v e l s  of compensa t ion  i n  t r a d i n g  stamps f o r  su rvey  p a r t i c i p a t i o n .  
Among 29 households  i n  which no payment was o f f e r e d  o n l y  9 ag reed  t o  
p a r t i c i p a t e  and o n l y  2 l a s t e d  t h e  28 days .  Among 35 households  i n  which 
a medium payment was o f f e r e d  1 9  ag reed  t o  p a r t i c i p a t e  b u t  o n l y  7 l a s t e d  
28 days.  Among t h e  40 househo lds  o f f e r e d  a h i g h  payment 31 a g r e e d  t o  
p a r t i c i p a t e  and 21 c o o p e r a t e d  f o r  t h e  whole p e r i o d  (52 .5%).  The numbers 
i n  each  group a r e  r a t h e r  small, b u t  t h e  d i f f e r e n c e s  a r e  so  d r a m a t i c  t h a t  
t h i s  s t u d y  g i v e s  s t r o n g  s u p p o r t  t o  t h e  v a l u e  of o f f e r i n g  compensa t ion  t o  
p a r t i c i p a n t s  i n  a l e n g t h y  d i a r y  s t u d y  -- a t  l e a s t  i n  a  midd le  c l a s s  
suburban a r e a .  W o r r a l l  (1968) used  t h e s e  d a t a  t o  a n a l y z e  household  t r i p  
p r o d u c t i o a  by day ,  and h e  de termined t h a t  a  3-day t r a v e l  d i a r y  would 
p r o v i d e  much more s t a b l e  e s t i m a t e s  of  household  d a i l y  t r a v e l  t h a n  t h e  
s i n g l e  T r a v e l  Day r e p o r t s  u s u a l l y  c o l l e c t e d  i n  o r i g i n - d e s t i n a t i o n  
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surveys.  Also i n  t h e  U.S. Boek (1957) mentions ask ing  respondents  t o  a 
household i n t e r v i e w  i n  Schenectady t o  keep d a i l y  records  of mi les  d r iven  
over  a per iod of f o u r  weeks wi th  weekly c o n t a c t s  t o  o b t a i n  t h e  d a t a ,  b u t  
s h e  does n o t  r e p o r t  any a n a l y s i s  of t h e s e  d a t a .  
I n  Canada a more l i m i t e d  seven-day t r a v e l  d i a r y  i s  now i n  use  i n  
Transpor t  Canada's f i r s t  Na t iona l  Driving Survey conducted by Canadian 
Fac t s ,  Inc .  f o r  t h e  Road and Motor Vehicle  Safe ty  Branch (Rochon, Swain, 
and O'Hara, 1978). I n  c o n t r a s t  t o  t h e  B r i t i s h  surveys t h i s  survey 
invo lves  d r i v i n g  t r i p s  on ly ,  and i n  most households only  one d r i v e r  i s  
s e l e c t e d  t o  p a r t i c i p a t e  ( t h e r e  is  a procedure  t o  oversample d r i v e r s  i n  
t h e  16-24 age  group) .  The survey began i n  May 1978 and w i l l  run f o r  
twelve months w i t h  an e x p e c t a t i o n  t h a t  9000 d r i v e r s  w i l l  p a r t i c i p a t e  out  
of a sample s t r a t i f i e d  t o  represen t  a l l  months and a l l  provinces  and 
from two t o  f i v e  u r b a n i c i t y  groups. A t  t h e  c o n t a c t  i n t e r v i e w  t h e  
i n t e r v i e w e r  o b t a i n s  in format ion  about l i c e n s e  type,  d r i v e r  educat ion,  
d r i v i n g  exper ience,  e s t imated  annual mileage,  a c c i d e n t  exper ience f o r  12 
months, types  of v e h i c l e s  used,  and persona l  c h a r a c t e r i s t i c s .  Then t h e  
respondent is  given a red b inder  wi th  a s e p a r a t e  page t o  be f i l l e d  out 
f o r  each t r i p  made over  a predesignated seven-day per iod.  T r i p  
in format ion  sought inc ludes  beginning and ending odometer read ings  and 
t imes,  o r i g i n ,  d e s t i n a t i o n ,  purpose (6 c a t e g o r i e s ) ,  numbers of 
passengers  i n  5 age  c a t e g o r i e s ,  road types  used ( 4  c a t e g o r i e s ) ,  road 
mois tu re  c o n d i t i o n s ,  and v e h i c l e  used. The in te rv iewer  c o n t a c t s  t h e  
respondent a f t e r  t h r e e  days t o  answer ques t ions  and t o  encourage 
continued p a r t i c i p a t i o n ,  and he / she  r e t u r n s  a f t e r  seven days t o  review 
and pick up t h e  d i a r y .  The respondent i s  given t h e  b i n d e r  t o  keep. T r i p s  
i n  l a r g e  t r u c k s  and i n  smal l  motorcycles a r e  no t  included,  and 
p r o f e s s i o n a l  d r i v e r  t r i p s  of t h e  same type may be  summarized on a s i n g l e  
t r i p  form. 
I n  a p i l o t  d i a r y  survey of 509 households i n  four  Ontar io  c i t i e s  
102 were found t o  have no l i c e n s e d  d r i v e r ,  132 refused t o  provide 
l i s t i n g  informat ion,  and 14% were no t  contacted a f t e r  3 c a l l s .  Of t h e  
351 s e l e c t e d  d r i v e r s ,  81% were in terviewed and 722  accepted placement of 
t h e  d i a r y .  However, only 61% of t h e  351 a c t u a l l y  re tu rned  t h e  d i a r y ,  
inc lud ing  54 who repor ted  no t r i p s .  The degree  of completeness of t h e  
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o t h e r  re tu rned  d i a r i e s  is  no t  mentioned. Thus o v e r a l l  i t  appears  t h a t  
about 45% of t h e  p o t e n t i a l l y  e l i g i b l e  respondents  a c t u a l l y  completed t h e  
t r i p  d i a r i e s .  This  was deemed s a t i s f a c t o r y  f o r  going ahead wi th  t h e  
n a t i o n a l  s t u d y ,  a l though i t  i s  hoped t h a t  improved c o n t a c t  methods 
inc lud ing  an i n t r o d u c t o r y  l e t t e r  w i l l  r e s u l t  i n  an improved n a t i o n a l  
response r a t e .  The p i l o t  survey found t h a t  asking respondents  t o  
e s t i m a t e  t h e  pe rcen tage  of a t r i p ' s  mi les  i n  each of t h e  f o u r  road types  
and each of t h e  f o u r  road mois tu re  c o n d i t i o n s  d i d  no t  work w e l l ,  and t h e  
response c a t e g o r i e s  f o r  t h e s e  v a r i a b l e s  were changed t o  " a l l " ,  "most", 
and "some" f o r  t h e  n a t i o n a l  s tudy .  
The U.S. Census Bureau has  n o t  used any memory a i d s  i n  i t s  two 
nationwide persona l  t r a n s p o r t a t i o n  surveys ,  a l though i t  does r o u t i n e l y  
send a g e n e r a l  respondent l e t t e r  by mai l  t o  sample households.  However, 
i n  t h e  l o n g - t r i p  p o r t i o n  of t h e  1977-78 Nat iona l  Travel  Survey, which 
involved r e c o n t a c t s  w i t h  sample households over  t h e  course  of a y e a r  t o  
f i n d  ou t  about a l l  households t r i p s  over 75 mi les  i n  one-way l e n g t h ,  a 
monthly ca lendar  form was used f o r  recording each t r i p  and i t s  
a s s o c i a t e d  t r a n s p o r t a t i o n  and lodging c o s t s  (Cannon, 1977). An 
e v a l u a t j o n  of t h e  e f f i c a c y  of t h i s  ca lendar  form w i l l  be of i n t e r e s t .  
2 . 2 . 2  Telephone Trip R e c a l l  Surveys. Due t o  t h e  high personne l  
c o s t s  of home in-person surveys  a number of o r i g i n - d e s t i n a t i o n  surveys  
have been conducted by te lephone.  Edens (1963) r e p o r t s  two such surveys  
i n  Chatham and Et ib icoke ,  Onta r io ,  i n  which respondents  s e l e c t e d  from 
t h e  te lephone d i r e c t o r y  were c a l l e d  i n  t h e  evening and asked about 
a f t e r n o o n  rush  hour t r i p s  on t h e  same day. T o t a l  d a t a  c o l l e c t i o n  and 
coding c o s t s  were only  $1.00 p e r  in te rv iew.  A s i m i l a r  survey was 
r e p o r t e d  by Pendakur (1966) i n  P r i n c e  George, B r i t i s h  Columbia. There 
was e x t e n s i v e  pre-survey p u b l i c i t y ,  and t h e  r e f u s a l  r a t e  was l e s s  than 
1%. The Delaware T r a n s p o r t a t i o n  Department (1978) conducted a te lephone 
o r i g i n - d e s t i n a t i o n  survey i n  two c o u n t i e s  i n  t h e  summer of 1966. A 10% 
sample was drawn from t h e  te lephone d i r e c t o r i e s ,  and a 90.2% response 
r a t e  was achieved a f t e r  up t o  17 c a l l s .  Of t h e  miss ing cases  4.6% were 
disconnected,  and only 2% were o u t r i g h t  r e f u s a l s .  Th i s  survey i n d i c a t e d  
t h e  va lue  of p e r s i s t e n c e  i n  te lephone in te rv iewing  wi th  41% completion 
a f t e r  one c a l l ,  63% a f t e r  two c a l l s ,  73% a f t e r  3 c a l i s ,  79% a f t e r  4 
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c a l l s ,  83% a f t e r  5  c a l l s ,  85% a f t e r  6  c a l l s ,  and 89% a f t e r  10 c a l l s .  A 
s i m i l a r  te lephone survey c a r r i e d  out  i n  a  number of u p s t a t e  New York 
coun t ies  obta ined a  response r a t e  of 632 (DiRenzo, 1976). Also a  
nationwide te lephone survey (presumably us ing random d i g i t  d i a l i n g )  was 
c a r r i e d  ou t  by Opinion Research Corporat ion i n  1975 concerning recen t  
automobile t r i p s  and a t t i t u d e s  concerning a l t e r n a t i v e  t r a v e l  behavior  
(Rappeport and Labaw, 1975).  
I n  Canada, Campbell (1972) used te lephone in te rv iews  a s  h i s  primary 
exposure d a t a  source  i n  h i s  i n t e r e s t i n g  comparison of acc iden t  and 
v i o l a t i o n  r a t e s  f o r  759 d r i v e r s  aged 16-25 and 733 d r i v e r s  aged 42-51 i n  
Vancouver. Also i n  Canada, Recon Research Consul tants  (1964?) c a r r i e d  
ou t  t h r e e  l a r g e  te lephone surveys i n  r u r a l  a r e a s  f o r  t h e  Ontar io  
Department of Highways. I n  one a r e a  they obta ined an 85.3% u s a b l e  
response r a t e  from a te lephone d i r e c t o r y  sample wi th  only 0.64 r e f u s a l s  
(only  0.1% i n  t h e  households which rece ived  an in t roduc tory  l e t t e r  and 
informat ion bookle t ) .  The in te rv iewers  used up t o  s i x  c a l l s ,  bu t  were 
a b l e  t o  o b t a i n  57.8% completion on t h e  f i r s t  c a l l ,  74.8% on the  second 
c a l l ,  and 81.6% on t h e  t h i r d  c a l l .  
The above-mentioned s t u d i e s  d i d  n o t  make use  of any t r i p  memory 
a i d s ,  b u t  some te lephone surveys  have found mai l ing such a  t r i p  l o g  form 
i n  advance of t h e  in te rv iew t o  be h e l p f u l .  Such a  survey i n  Salem, 
Oregon., where a  93% response r a t e  was obta ined,  i s  repor ted  by Clark 
and Morin (1966). This  procedure was a l s o  used i n  Spokane i n  1965 (Falk 
and Halpin,  1966) and i n  Ashev i l l e  i n  1967 (North Caro l ina  S t a t e  Highway 
Commission, 1968?).  I n  Rhode I s l a n d  a  s t a tewide  te lephone o r ig in -  
d e s t i n a t i o n  survey was c a r r i e d  out  i n  1971 (Al l inson,  Inc . ,  1972?).  The 
b a s i c  sample of dwel l ing u n i t s  was s e l e c t e d  from e l e c t r i c  company 
records  and a  respondent l e t t e r  wi th  a  t r i p  log  form f o r  a  p a r t i c u l a r  
d a t e  was mailed out.  Phone numbers were obtained f o r  72% of t h e s e  
dwelling u n i t s  wi th  te lephone company a s s i s t a n c e .  F i e l d  in te rv iewers  
were a l s o  used t o  c o n t a c t  dwell ing u n i t s  wi thout  te lephone numbers and 
dwelling u n i t s  where no te lephone con tac t  was achieved a f t e r  4  c a l l s  i n  
3 days. Informat ion on response r a t e s  i s  no t  r epor ted ,  bu t  apparen t ly  
i t  was considered a  c o s t - e f f e c t i v e  d a t a  c o l l e c t i o n  method. ?fcMillan 
(1967) a l s o  p r e s e n t s  a  s t rong  case  f o r  t h e  use fu lness  of t h e  telephone 
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method us ing a  c e n t r a l  f a c i l i t y  i n  terms of c o s t ,  q u a l i t y  c o n t r o l ,  and 
e a s e  of sampling. 
2.2.3 Mail T r i p  Survevs. C o l l e c t i n g  d a t a  by mai l  should  be even 
cheaper than c o l l e c t i n g  i t  by t e lephone ,  and a  number of t r a v e l  surveys  
have a l s o  used t h i s  technique.  K e l l  (1952) mentions o r i g i n - d e s t i n a t i o n  
surveys  by mail i n  Char les ton  (W.Va.), Mahoning Val ley (Ohio) ,  and 
Evansv i l l e  ( Ind. )  wi th  response r a t e s  of 54.62, 46.92, and 33% 
r e s p e c t i v e l y .  The Federa l  Highway Admin is t ra t ion  (1975) i n c l u d e s  
pos tca rd  surveys  i n  Los Angeles, Y!nsfield (Ohio),  F o r t  Wayne, and South 
Bend i n  i ts  compi la t ion  of o r i g i n - d e s t i n a t i o n  surveys.  I n  C i n c i n n a t i  
227,859 v e h i c l e  owners were s e n t  mailback pos tca rds  and asked t o  record 
a l l  of t h e i r  v e h i c l e  movements on Sept.  21, 1954, and a  36.1% response 
r a t e  was ob ta ined  (Ohio Department of Highways, 1958.) 
I n  A u s t r a l i a  Morison (1962) r e p o r t s  a  h e a v i l y  p u b l i c i z e d  p o s t a l  
survey i n  Canberra which achieved a  50% response r a t e ,  and Foldvary 
(1963,1969) r e p o r t s  an 18-month p o s t a l  survey throughout Queensland 
which obta ined a  36.5% r e t u r n  r a t e .  I n  t h e  l a t t e r  s tudy  q u e s t i o n n a i r e s  
were s e n t  t o  a  sample of 100 v e h i c l e  r e g i s t r a n t s  p e r  day a long wi th  
t h e i r  r e r e g i s t r a t i o n  n o t i c e .  T r i p  in format ion  f o r  t h a t  v e h i c l e  was t o  
be provided f o r  a  p a r t i c u l a r  day of t h e  week, b u t  a  s p e c i f i c  d a t e  was 
n o t  requested because of t h e  u n c e r t a i n t i e s  of mai l  d e l i v e r y .  T r i p  
in format ion  c o l l e c t e d  included d r i v e r  age and s e x ,  d i s t a n c e ,  t ime,  
purpose,  and occupancy. During a  four-month per iod  t h e  r e t u r n  r a t e  was 
inc reased  t o  86% by t h e  use  of one o r  two reminder l e t t e r s ,  but  i t  was 
found t o o  expensive t o  con t inue  t h i s .  Foldvzry h a s  made use  of 
Queensland a c c i d e n t  d a t a  f o r  1961 t o  c a r r y  o u t  an e x t e n s i v e  a n a l y s i s  of 
a c c i d e n t  r a t e s  i n  Queensland (1975, 1976, 1977, 1978). 
Another l a r g e - s c a l e  mai l  survey was c a r r i e d  ou t  i n  t h e  Stockholm 
a r e a  i n  1965 among 22,575 r e g i s t e r e d  r e s i d e n t s  aged 16 and over (Bygren, 
1974). Respondents were asked t o  record t h e  k i lomete rs  d r i v e n  dur ing 
each of 42 4-hour p e r i o d s  dur ing  one week i n  Hay. Up t o  two reminder 
l e t t e r s  were s e n t ,  and remaining respondents  were asked aga in  about a  
week i n  June,  aga in  w i t h  up t o  two reminder l e t t e r s .  I n i t i a l  response 
r a t e s  a r e  no t  g iven,  b u t  o v e r a l l  response r a t e s  a r e  85% f o r  Stockholm, 
81% f o r  suburban a r e a s ,  and 90% f o r  r u r a l  a r e a s .  In-person in te rv iews  
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were c a r r i e d  out w i t h  196 of a sample of 262 nonrespondents, and i t  was 
found t h a t  t h e s e  nonrespondents averaged considerably  h igher  mileages 
than d i d  t h e  easy respondents.  
C a r r o l l  e t  a l .  (1971) recommended a n a i l  survey a s  t h e  most cos t -  
e f f e c t i v e  means of c o l l e c t i n g  n a t i o n a l  exposure informat ion,  and i n  1973 
and 1974 NHTSA sponsored p i l o t  mai l  t r ip - log  surveys i n  Michigan 
( C a r r o l l ,  1974, 1975). Ten randomly-selected d r i v e r s  per day were s e n t  
t r i p - l o g  forms t o  be completed on a des ignated f u t u r e  d a t e  (8 days a f t e r  
mai l ing) .  T r i p  informat ion sought included v e h i c l e  type ,  beginning and 
ending odometer readings ,  and es t imated dayfn igh t  mi les  and miles  on 
f o u r  road types.  No i d e n t i f i c a t i o n  informat ion was requested,  and no 
follow-up procedures were used. The response r a t e  was 30% i n  1973 and 
31% i n  1974. A l a r g e  mail survey t o  v e h i c l e  owners by t h e  Kentucky 
Department of Transpor ta t ion  i n  1972 a l s o  obtained a 30% response r a t e  
on t h e  f i r s t  wave which included a q u e s t i o n n a i r e  mailed t h i r d  c l a s s  8 
days b e f o r e  t h e  des ignated Travel  Day and a reminder l e t t e r  s e n t  t o  t h e  
e n t i r e  sample j u s t  a f t e r  t h e  Travel  Day (Bennett ,  1975). The response 
r a t e  was brought up t o  40% w i t h  a second mai l ing wi th  a new Travel  Day. 
In  Shawnee County, Kan., a mai l .  survey t o  17,000 v e h i c l e  owners 
asking j u s t  about t r i p s  over 20 miles  on Sunday, August 25, 1968 brought 
a 53% response r a t e  a f t e r  43 days  wi th  no follow-ups (McCann and Maring, 
1967). Only 18% repor ted  taking one o r  more t r i p s  of t h a t  length .  The 
ques t ionna i res  were addressed by computer using t h e  automated v e h i c l e  
r e g i s t r a t i o n  f i l e ,  and t h e  t o t a l  c o s t  was $.32 per  re turned 
ques t ionna i re .  An even more success fu l  mail  survey,  one concerned wi th  
t ruck  movements i n  one day,  was c a r r i e d  out  by t h e  FHWA i n  Missouri ,  New 
York, and Wisconsin (Kent, 1971). A 78X response with up t o  two follow- 
ups was obtained.  
2.2.4 T r i p  Reca l l  V a l i d i t y  Studies .  I n  s p i t e  of t h e  v a s t  number 
of surveys reques t ing  t r i p  r e c a l l  informat ion,  only two s t u d i e s  have 
been found i n  t h e  l i t e r a t u r e  review which attempt t o  v a l i d a t e  ind iv idua l  
t r i p  r e c a l l  a g a i n s t  an e x t e r n a l  t r i p  record.  I n  Great  B r i t a i n  Smith and 
Wood (1977) asked 122 of t h e i r  col leagues  i n  t h e  Transpor t  and Road 
Research Laboratory t o  r e c a l l  a l l  of t h e i r  bus iness  t r i p s  over 35 miles  
i n  l e n g t h  i n  t h e  previous  e i g h t  months. A l l  of these  respondents had 
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f i l e d  a t  l e a s t  one t r a v e l  c la im i n  t h e  p rev ious  s i x  months, and t h e s e  
c la ims were used a s  t h e  v a i i d a t i o n  c r i t e r i o n .  Without memory a i d s  t h e  
o v e r a l l  r e c a l l  r a t e  f o r  t h e  e i g h t  months was only  66% of t h e  recorded 
t r i p s ,  a l though t h i s  v a r i e d  from 83% f o r  t r i p s  i n  t h e  most r e c e n t  month 
t o  45% f o r  t r i p s  taken e i g h t  months p rev ious ly .  When respondents  were 
al lowed t o  use  any a v a i l a b l e  d i a r y  and ca lendar  r e c o r d s ,  t h e  o v e r a l l  
r e c a l l  r a t e  improved t o  92%. Seventy p e r c e n t  of t h e  r e c a l l e d  t r i p s  were 
r e c o l l e c t e d  t o  w i t h i n  two weeks of t h e  a c t u a l  d a t e ,  and, a s  would be 
expected,  t h e  accuracy of t h e  d a t e  decreased a s  t h e  l e n g t h  of t ime s i n c e  
t h e  t r i p  inc reased .  Longer t r i p s  and t r i p s  by a i r  were more l i k e l y  t o  
be r e c a l l e d .  
The second s tudy  was c a r r i e d  out i n  t h e  f a l l  of 1954 i n  two 
r e s i d e n t i a l  zones i n  C i n c i n n a t i ,  and i t  used a c t u a l  l i c e n s e  p l a t e  
o b s e r v a t i o n  a t  t h e  boundar ies  of t h e  two zones t o  v a l i d a t e  household 
r e p o r t s  of t r i p s  c r o s s i n g  t h e  zone boundar ies  (Murray, 1957).  I n  each 
zone a l l  v e h i c l e s  e n t e r i n g  and l eav ing  t h e  zone had t h e i r  l i c e n s e  p l a t e s  
recorded f o r  24-hour pe r iods  on two d i f f e r e n t  days ( 2 4  s t a t i o n s  f o r  one 
zone and 18 s t a t i o n s  f o r  t h e  o t h e r  zone).  For one of t h e s e  days v e h i c l e  
owners were s e n t  a  p o s t c a r d  q u e s t i o n n a i r e  on which t o  record a l l  v e h i c l e  
d e s t i n a t i o n s  f o r  t h e  T r a v e l  Day. For t h e  o t h e r  day an  i n t e r v i e w  t o  
o b t a i n  s i m i l a r  in fo rmat ion  was sought from a  sample of households i n  
each zone. Comparing t h e  pos tca rd  r e p o r t s  wi th  observa t ions  of t h e  same 
v e h i c l e s  i t  was found t h a t  t h e  two methods provided i d e n t i c a l  d a t a  f o r  
62.5% of t h e  483 repor ted  v e h i c l e s ,  whi le  10.5% repor ted  more t r i p s  than 
were observed and 27% repor ted  fewer t r i p s  than were observed.  For 361 
v e h i c l e s  whose t r i p s  were repor ted  i n  a  home i n t e r v i e w  55% had t h e  same 
number of observed and repor ted  c r o s s i n g s ,  whi le  15% of t h e  household 
respondents  r e p o r t e d  more c r o s s i n g s  than  were observed and 30% repor ted  
fewer c r o s s i n g s  than were observed. The home in te rv iews  took p l a c e  one 
o r  two days a f t e r  t h e  observed t r i p s ,  b u t  no a n a l y s i s  of accuracy i n  
r e l a t i o n  t o  t h e s e  two time per iods  i s  repor ted .  I n  t h e  pos tca rd  survey 
25% of t h e  88 v e h i c l e s  r e p o r t e d  a s  having made no t r i p s  were a c t u a l l y  
observed,  and i n  t h e  home in te rv iew survey 30% of t h e  72 v e h i c l e s  
repor ted  a s  having made no t r i p s  were a c t u a l l y  observed.  
Thus, t h i s  s tudy ,  sponsored by t h e  Ohio Department of Highways and 
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t h e  U.S. Bureau of Publ ic  Roads, s t rongly  suggests t h a t  there  may be 
s u b s t a n t i a l  underreporting of t r i p s  i n  in-person surveys using simple- 
r e c a l l  procedures and i n  mail  surveys even when a t r i p  record form i s  
received p r i o r  to  the Travel Day. This study seems to  i nd ica t e  a 
considerable  amount of overreport ing of t r i p s  a l so ,  but t h i s  i s  more 
d i f f i c u l t  to  eva lua te  because no mention i s  made of the degree of 
completeness of the  l i cense  p l a t e  observations.  One would not  expect 
100% accuracy i n  the recording of l i cense  p l a t e  numbers, so it i s  
probable t h a t  a t  l e a s t  some of the "overreported" t r i p s  were r e a l  t r i p s  
which were not properly recorded by the  observers. 
There was a l s o  a quasi-val idi ty  study of long-trip r e c a l l  car r ied  
out by t h e  Census Bureau a s  p a r t  of the  1972 National Travel Survey 
(Koons, 1974). This  was b a s i c a l l y  a mail survey with telephone follow- 
ups, and i t  asked sample households t o  report  a l l  t r i p s  over 100 miles 
during a 3-month period. In-person reinterviews were sought with a 
subsample of 873 responding households (60% had responded by mail ,  15% 
by mail with supplementary telephone c a l l s ,  and 25% by telephone only) ,  
and 795 were successfu l ly  reinterviewed. After  the reinterview the  
interviewer attempted t o  reconci le  any discrepancies  from the  o r i g i n a l  
t r i p  repor t  with the  respondent's help. I n  a l l ,  93 t r i p s  l i s t e d  on the  
o r i g i n a l  r epo r t s  were not l i s t e d  i n  the reinterview one month l a t e r ,  
while 217 t r i p s  were l i s t e d  f o r  t he  f i r s t  time in  the  reinterview.  
After r econc i l i a t i on  the  o r i g i n a l  r epo r t s  contained 19% fewer t r i p s ,  12% 
fewer person miles ,  and 6 %  fewer person n ights  than the reinterview 
repor t s .  Clear ly ,  t h e  mail-telephone method was providing l e s s  complete 
information than the in-person interview method even a month l a t e r ,  but  
t he  completeness of t r i p  r epo r t s  by the  in-person interview method s t i l l  
i s  not known. 
Another v a l i d i t y  aspect  of exposure s tud ie s  which do not c o l l e c t  
odometer readings concerns the  accuracy of respondent est imates  of t r i p  
mileage. Since these  est imates  provide the bas ic  numbers of the  various 
exposure c l a s s i f i c a t i o n s  i t  i s  important t h a t  they be  as accurate  a s  
possible .  No s tud ie s  have been found which attempt t o  v a l i d a t e  these 
est imates  on a t r ip-by-tr ip  b a s i s ,  although, a s  mentioned e a r l i e r ,  White 
(1976) and House and Waller (1971) have demonstrated t h a t  there  a r e  
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s u b s t a n t i a l  e r r o r s  i n  v e h i c l e  owners' e s t i m a t e s  of annual  and monthly 
mileages.  Cannon (1977) mentions t h a t  i n  a p i l o t  t e s t  of t h e  1977-78 
Nat ional  T r a v e l  Survey a c l e r k  used t h e  respondents '  r o u t e  d e s c r i p t i o n s  
t o  t r a c e  143 t r i p s  on maps. I t  requ i red  about f i v e  minutes t o  t r a c e  
each t r i p  and t o  measure i t  wi th  an  opisometer .  However, he  does n o t  
g i v e  any comparison of t h e  t r a c e d  mileages  wi th  t h e  respondents '  
e s t imates .  I n  t h e  1977-78 Nationwide Persona l  T r a n s p o r t a t i o n  Survey 
respondents  who repor ted  c r o s s i n g  an urban-rural  d i v i s i o n  on a Trave l  
Day t r i p  were asked t o  a c t u a l l y  t r a c e  t h e  r o u t e  on a l o c a l  map. These 
t r i p  d i s t a n c e s  have been measured w i t h  an opisometer,  and when t h e  NPTS 
t a p e  becomes a v a i l a b l e  i n  1979 some u s e f u l  in fo rmat ion  on t h e  accuracy 
of respondent t r i p  d i s t a n c e  e s t i m a t e s  w i l l  be a v a i l a b l e .  
2 .2 .5  Comparative T r i p  R e c a l l  S tud ies .  I n  a d d i t i o n  t o  t h e s e  few 
v a l i d i t y  s t u d i e s  t h e r e  have been a number of s t u d i e s  which have 
5 attempted t o  s y s t e m a t i c a l y  compare t h e  r e s u l t s  and c o s t s  of d i f f e r e n t  
d a t a  c o l l e c t i o n  methods -- mail  w i t h  in-person i n t e r v i e w ,  t e lephone  
i n t e r v i e w  wi th  in-person i n t e r v i e w ,  mai l  w i t h  t e lephone  i n t e r v i e w  wi th  
in-person i n t e r v i e w ,  and l i c e n s e  o f f i c e  in-person i n t e r v i e w  with  home 
in-person in te rv iew.  The only one  of t h e s e  t h a t  involved us ing two 
methods wi th  t h e  same sample i s  t h e  p rev ious ly  d i scussed  survey i n  
C i n c i n n a t i  (Murray, 1957).  Respondents t o  t h e  ci ty-wide pos tca rd  survey 
i n  two a r e a s  of t h e  c i t y  were in terviewed in-person a few weeks l a t e r  
about  t r a v e l  on t h e  same day of t h e  week a s  t h e  pos tca rd  Trave l  Day. 
The in te rv iews  were e i t h e r  one o r  two days a f t e r  t h e  des igna ted  Travel  
Day. I n  t h e  pos tca rd  survey an average of 4.82 t r i p s  pe r  v e h i c l e  was 
repor ted  f o r  Tuesday, Sept. 21, 1954, whi le  t h e  home i n t e r v i e w  survey 
obta ined r e p o r t s  of an average of 3-75 t r i p s  i n  t h e  same v e h i c l e s  on a 
Tuesday a few weeks l a t e r .  This  s t r o n g l y  s u g g e s t s  a s u b s t a n t i a l  
under repor t ing  b i a s  i n  t h e  in-person i n t e r v i e w  method -- a t  l e a s t  f o r  
t h e  minor i ty  of respondents  who had been w i l l i n g  t o  coopera te  i n  t h e  
pos tca rd  survey.  Ana lys i s  of t h e  types  of t r i p s  repor ted  i n  t h e  two 
surveys  show t h a t  t h e  pos tca rd  survey averaged only s l i g h t l y  more t r i p s  
i n  and o u t  of t h e  zones of r e s i d e n c e  compared t o  t h e  in-person survey,  
bu t  i t  averaged much h igher  on i n t e r m e d i a t e  t r i p s  made between o t h e r  
zones of Hamilton County compared t o  t h e  in-person survey.  Presumably 
t h e  i n t e r v i e w e r s  d i d  n o t  do  an  adequate job of probing about 
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i n t e r m e d i a t e  t r i p s ,  a d e f i c i e n c y  which could a t  l e a s t  p a r t i a l l y  be  
overcome. 
K e l l  (1952) r e p o r t s  an even l a r g e r  d iscrepancy between mai l  and in-  
person methods i n  two independent samples i n  Logansport ,  Ind. ,  i n  1951. 
The p o s t a l  r e p o r t s  averaged 6.7 t r i p s  per  v e h i c l e ,  whi le  t h e  home 
i n t e r v i e w  r e p o r t s  averaged 4.7 t r i p s  pe r  v e h i c l e .  The in-person 
i n t e r v i e w s  took p l a c e  g e n e r a l l y  on t h e  same evening a s  t h e  des ignated 
Trave l  Day and asked respondents  about t r i p s  a l r e a d y  taken t h a t  day and 
about  t r i p s  a n t i c i p a t e d  l a t e r  t h a t  evening,  which might account f o r  some 
of t h e  discrepancy.  Also t h e  f a c t  t h a t  t h e r e  was only  a 51% response 
r a t e  i n  t h e  p o s t a l  survey (402 from t h e  i n i t i a l  mai l ing and 11% from 
te lephone  and in-person follow-ups) compared t o  a 95.5% response r a t e  i n  
t h e  in-person sample might account f o r  much of t h e  discrepancy.  But 
t h i s  s tudy a l s o  suppor t s  t h e  i d e a  of a under repor t ing  b i a s  i n  in-person 
i n t e r v i e w  t r i p  r e c a l l .  
I n  1967 t h e  Bureau of t h e  Census (1970) conducted a c a r e f u l  
methodological  s tudy  of Trave l  Day survey procedures using two 
independent household samples i n  t h e  New Haven a rea .  The mai l  sample 
(N=2503) was mailed a q u e s t i o n n a i r e  t h r e e  days b e f o r e  t h e  des ignated 
Travel  Day and a reminder ca rd  two days l a t e r ,  and t h e  i n i t i a l  response 
r a t e  was only  28.5%. This was e v e n t u a l l y  brought up t o  79.0% -- 10.3% 
from a second mai l ing,  29.1% from te lephone follow-ups, and 11.1% from 
in-person follow-ups. A s i m i l a r  80.6% response r a t e  was obta ined from 
t h e  in-person in te rv iew sample (N=397). The mail sample repor ted  a 
s l i g h t l y  h igher  number of motor v e h i c l e  t r i p s  p e r  household,  6.06, 
compared t o  t h e  in-person sample, 5.74. This  d i f f e r e n c e  was no t  
s t a t i s t i c a l l y  s i g n i f i c a n t  a t  a 95% l e v e l  of conf idence,  b u t  l i k e  t h e  
Murray and K e l l  s t u d i e s  i t  sugges t s  t h a t  a mai l  survey (wi th  te lephone 
and in-person follow-ups a s  needed t o  o b t a i n  an adequate response r a t e )  
may produce more complete t r i p  r e c a l l  d a t a  than an  in-person survey.  
Since  t h e  mai l  sample r e p o r t s  were es t imated t o  c o s t  only one t h i r d  a s  
much a s  t h e  in-person sample r e p o r t s  t o  c o l l e c t ,  i t  would appear t h a t  
mai l  d a t a  c o l l e c t i o n  methods a r e  worth s e r i o u s  c o n s i d e r a t i o n  f o r  t h e  
NEDS program. 
I n  c o n t r a s t  t o  t h e s e  r e s u l t s  a r e  t h e  f i n d i n g s  of a p r e t e s t  s tudy i n  
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p r e p a r a t i o n  f o r  t h e  1977-78 National  Travel  Survey (Cannon, 1977) .  Two 
l a r g e  independent samples were asked t o  r e p o r t  a l l  household t r i p s  over 
75 miles  i n  t h e  f i r s t  q u a r t e r  of 1976. Only one t h i r d  of t h e  mai l  
sample responded t o  t h e  i n i t i a l  mai l ing on March 3 1  and subsequent 
mai l ings  on Apr i l  7 and A p r i l  14.  However, te lephone and in-person 
follow-ups extending i n t o  June even tua l ly  brought the  response r a t e  up 
t o  94% of t h e  occupied addresses .  The in-person sample was con tac ted  i n  
A p r i l ,  and a 95% response r a t e  was obta ined.  I n  analyzing t h e  d a t a  i t  
was found t h a t  t h e  in-person sample repor ted  22% more t r i p s  than  d i d  t h e  
mai l  sample, mostly r e l a t i v e l y  s h o r t  automobile t r i p s .  These f i n d i n g s  
may be  a f f e c t e d  by t h e  longer  r e c a l l  per iod f o r  many of t h e  follow-up 
mai l  sample respondents ,  bu t  they do suggest  a s e r i o u s  under repor t ing ,  
a t  l e a s t  of t r i p s  over  75 mi les ,  i n  t h e  mai l  survey method. 
Turning t o  a comparison of te lephone and in-person methods, t h e  
r e s u l t s  a r e  a l s o  r a t h e r  mixed. I n  Kalamazoo i n  1966 Alan M .  Voorhees 
and Assoc ia tes  (1969)  obta ined  comparable response r a t e s  i n  independent 
5% te lephone and in-person samples, 92.7% f o r  t h e  te lephone sample (one 
f i f t h  by in-person c o n t a c t )  and 89.4% f o r  t h e  in-person sample. I n  
s p i t e  ~f t h e s e  high response r a t e s  t h e  average household s i z e  repor ted  
f o r  t h e  te lephone sample was only  2.62 compared t o  3.20 f o r  t h e  in- 
person sample. The average number of t o t a l  t r i p s  repor ted  per  person 
was a l s o  considerably  l e s s  i n  the  te lephone sample (2.40) than i n  t h e  
in-person sample (3 .07) .  The r e p o r t  does n o t  mention how t h e  samples 
were obta ined o r  whether any respondent l e t t e r s  o r  memory a i d s  were s e n t  
i n  advance of t h e  in te rv iewer  con tac t s .  
I n  a s i m i l a r  s tudy  conducted i n  Spokane i n  1965 (Falk and Halpin,  
1966) t h e  r e s u l t s  were somewhat d i f f e r e n t .  The two samples were based 
on e l e c t r i c  company r e c o r d s ,  and respondent l e t t e r s  wi th  n o t i c e  of t h e  
Travel  Day and wi th  t r i p  record forms were mailed t o  respondents i n  both  
samples. Response r a t e s  were n o t  ve ry  s a t i s f a c t o r y ,  70.3% f o r  t h e  
te lephone sample and 73.2% f o r  t h e  in-person sample. Comparing t h e  
te lephone sample (N=3736) j u s t  wi th  t h e  p o r t i o n  of the  in-person sample 
which a l s o  had te lephones  a v a i l a b l e  (N=2890), t h e  te lephone sample 
averaged s l i g h t l y  s m a l l e r  i n  household s i z e  but  i t  averaged more t o t a l  
t r i p s  per  person (2.59 t o  2 .41) .  Thus t h e  te lephone in terviewing method 
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d i d  no t  seem t o  l ead  t o  t r i p  under repor t ing  i n  Spokane. A s i m i l a r  s tudy 
.by t h e  C a l i f o r n i a  Department of Transpor ta t ion  i n  Marysv i l l e  and Yuba 
Ci ty  i n  1971 (Ochoa, 1976) obta ined much h igher  response r a t e s  (98.8% 
f o r  t h e  te lephone method and 98.3% f o r  t h e  in-person method). I n  
c o n t r a s t  t o  b o t h  Kalamazoo and Spokane i t  ob ta ined  s l i g h t l y  l a r g e r  
average households i n  t h e  te lephone sample (3.2) than i n  t h e  in-person 
sample of households w i t h  te lephones  (2 .9) ,  b u t  t h e  d i f f e r e n c e  i n  t r i p s  
p e r  person was inconsequen t ia l  (3.3 t o  3 .4) .  The sample was s e l e c t e d  by 
a complete f i e l d  l i s t i n g  of t h e  a r e a .  The in-person sample was 
con tac ted  by an i n t e r v i e w e r  who l e f t  a t r i p  record form p r i o r  t o  t h e  
Trave l  Day, w h i l e  t h e  te lephone sample was mailed a t r i p  record  form and 
con tac ted  by t e lephone  p r i o r  t o  t h e  Trave l  Day. 
I n  1967 t h e  North Caro l ina  S t a t e  Highway Commission (1968?) 
experimented w i t h  a s i m i l a r  comparative survey i n  Ashevi l le .  A f t e r  a 
f i e l d  l i s t i n g  of a l l  households a 118 sample was a l t e r n a t e l y  ass igned  t o  
a te lephone sample and t o  an in-person sample. A 94.4% response r a t e  
was obta ined f o r  t h e  te lephone sample w i t h  te lephones;  an  82.84 response 
r a t e  was obta ined f o r  t h e  te lephone sample wi thout  te lephones  (by in-  
person in te rv iew)  ; and a 96.1% response r a t e  was obta ined f o r  t h e  
r e g u l a r  in-person sample. A l l  sample households were mailed a 
respondent l e t t e r  and t r i p  record forms p r i o r  t o  t h e  in te rv iewer  
c o n t a c t s .  Household s i z e  informat ion i s  no t  r epor ted ,  bu t  t h e  average 
number of t r i p s  per  household was 7.17 f o r  t h e  t o t a l  te lephone sample 
and 7.36 f o r  t h e  r e g u l a r  in-person sample. The r e p o r t  adds an 
i n t e r e s t i n g  comparison of r e s u l t s  excluding t h e  f i r s t  week of 
in te rv iews .  For in te rv iews  by te lephone t h e  average number of repor ted  
t r i p s  p e r  household changed from 5.41 t h e  f i r s t  week t o  8.13 f o r  t h e  
' succeeding weeks. For in-person in te rv iews  t h i s  average a l s o  went up 
b u t  n o t  a s  much -- from 6.51 i n  t h e  f i r s t  week t o  7.62 i n  succeeding 
weeks. Th is  sugges t s  t h a t  t h e r e  may have been g r e a t e r  under repor t ing  by 
b o t h  methods i n  t h e  f i r s t  week of in te rv iewing  and t h a t  a s  t h e  te lephone 
i n t e r v i e w e r s  became more adept  a t  conducting in te rv iews  wi thout  face-to- 
f a c e  c o n t a c t  they may have achieved more complete t r i p  r e c a l l  than did  
t h e  in-person in te rv iewers .  But of course  t h e r e  may be  o t h e r  
d i f f e r e n c e s  i n  t h e  succeeding week samples t h a t  account f o r  these  
d i f f e r e n c e s .  
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The f i n a l  s t u d y  found which compared j u s t  te lephone and in-person 
methods was conducted by t h e  West V i r g i n i a  Department of Highways (1970) 
i n  P r i n c e t o n  and B l u e f i e l d  i n  t h e  l a t e  1960s. The sample was s e l e c t e d  
a f t e r  a  complete f i e l d  l i s t i n g ,  and each s e l e c t e d  household was mailed a  
respondent  l e t t e r ,  a l though apparen t ly  a  t r i p  record form was included 
on ly  i n  t h e  t e l ephone  sample. Response r a t e s  and survey r e s u l t s  a r e  n o t  
g iven,  bu t  t h e  r e p o r t  concludes  t h a t  bo th  methods provided s a t i s f a c t o r y  
in fo rmat ion  -- w i t h  average t r i p s  pe r  household s l i g h t l y  h i g h e r  by t h e  
t e l ephone  method. 
There was a l s o  one s tudy  found which compared a l l  t h r e e  d a t a  
c o l l e c t i o n  methods. I n  1963 Recon Research Consu l t an t s  (1964?) 
conducted a  p i l o t  s tudy  i n  a  r u r a l  a r e a  of Onta r io  us ing  t h e  l o c a l  
t e l ephone  d i r e c t o r y  f o r  t h e  t e l ephone  and mai l  sampling frame and both 
t h e  te lephone and p o s t a l  d i r e c t o r i e s  f o r  t h e  te lephone sampling frame. 
Response r a t e s  obta ined were 90.5% f o r  a  te lephone sample of 208, 81.5% 
f o r  an  in-person sample of 250, and 27.7% (21.6% s u f f i c i e n t l y  complete)  
f o r  a  p o s t a l  sample of 1043 us ing two reminder ca rds .  The a n a l y s i s  
p resen ted  d id  n o t  d i s t i n g u i s h  in-person respondents  wi thou t  te lephones  
from those  w i t h  te lephones ,  s o  d i r e c t  comparison of t h e  r e s u l t s  may b e  
mis leading.  It shows average household s i z e s  of 3.5 i n  t h e  te lephone 
sample, 3 . 3  i n  t h e  in-person sample, and 3.2 i n  t h e  mai l  sample. As  
would be expected,  t h e  te lephone and mai l  samples had l a r g e r  numbers of 
l i c e n s e d  d r i v e r s  and motor v e h i c l e s  pe r  household. The number of t r i p s  
r epor ted  p e r  v e h i c l e  i n  t h e  te lephone and in-person samples were q u i t e  
s i m i l a r  (3.69 and 3.74 r e s p e c t i v e l y ) ,  b u t  were cons ide rab ly  l e s s  i n  t h e  
mai l  sample ( 3 . 2 3 ) .  Recon concluded t h a t  a l l  t h r e e  methods could 
produce u s a b l e  o r i g i n - d e s t i n a t i o n  d a t a  f o r  t r a n s p o r t a t i o n  planning 
purposes ,  b u t  t h a t  t h e  te lephone method was most c o s t - e f f e c t i v e  s i n c e  i t  
c o s t  j u s t  a  l i t t l e  more than  t h e  mai l  method and on ly  t h r e e  q u a r t e r s  a s  
much a s  t h e  in-person method and s i n c e  l a r g e  p r o p o r t i o n s  of non- 
t e l ephone  households lacked l i c e n s e d  d r i v e r s  and motor v e h i c l e s  anyhow. 
Subsequently,  t h e  O l t a r i o  Department of Highways con t rac ted  w i t h  Recon 
t o  conduct a  number of t e l ephone  o r i g i n - d e s t i n a t i o n  surveys i n  1963 and 
1964. 
A f i n a l  comparative s tudy  found i n  t h e  l i t e r a t u r e  review took p l a c e  
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i n  B a t t l e  Creek i n  1961 (Mayer and Wallace, 1962). This  s tudy compared 
t h e  r e s u l t s  of in-person Trave l  Day r e p o r t s  obta ined i n  two d i f f e r e n t  
s e t t i n g s ,  t h e  l i c e n s e  renewal o f f i c e  and the  home. I n  t h e  o f f i c e  sample 
renewal a p p l i c a n t s  were asked about a l l  household t r i p s  on t h e  previous  
day. Since  only weekdays were of i n t e r e s t  Monday a p p l i c a n t s  were 
in terviewed l a t e r  a t  home. The o v e r a l l  r e f u s a l  r a t e  was only  0.8% i n  
t h e  l i c e n s e  o f f i c e  compared t o  7.4% i n  t h e  home, b u t  the  average number 
of household t r i p s  r epor ted  was s l i g h t l y  l e s s  i n  t h e  o f f i c e  sample 
(6.76) than i n  t h e  home sample (7-17) .  The o f f i c e  survey c o s t s  were 
about two t h i r d s  of t h e  home survey c o s t s ,  s o  t h e  au thors  conclude t h a t  
t h e  l i c e n s e  o f f i c e  in-person in te rv iew i s  a  c o s t - e f f e c t i v e  method f o r  
c o l l e c t i n g  o r i g i n - d e s t i n a t i o n  d a t a  even though t h e  respondent 
n e c e s s a r i l y  has  t o  be  a  proxy source  f o r  a l l  household members' t r i p s ,  
and r e c e n t l y  l i c e n s e d  d r i v e r s  a r e  never  a v a i l a b l e  a s  respondents.  
B a s i c a l l y  t h e s e  v a r i o u s  comparative methodological  s t u d i e s  
demonstrate t h a t  mail surveys  r e q u i r e  cons ide rab le  follow-up e f f o r t  t o  
o b t a i n  s a t i s f a c t o r y  response  r a t e s ,  t h a t  n e v e r t h e l e s s  mai l  surveys a r e  
cons ide rab ly  cheaper than home in-person surveys ,  t h a t  te lephone surveys 
a r e  a l s o  cons ide rab ly  cheaper than home in-person surveys ,  and t h a t  a l l  
t h r e e  methods can produce roughly comparable informat ion about household 
Trave l  Day t r i p s .  Of course  t h e  completeness of t r i p  r e c a l l  by any of 
t h e s e  methods i s  no t  known, b u t  t h e  C i n c i n n a t i  obse rva t ion  s tudy 
(Hurray, 1957) s u g g e s t s  t h a t  t h e r e  is  probably s u b s t a n t i a l  
underrepor t ing of t r i p s  i n  any s imple - reca l l  method. 
2.3 Trip-in-Process Surveys. 
The s imples t  and by f a r  t h e  most p reva len t  type  of t r a v e l  exposure 
survey i s  t h e  t r a f f i c  counting survey.  Every day t h e  movements of 
thousands of v e h i c l e s  a r e  recorded by s t a t e  and l o c a l  highway and 
t r a f f i c  engineer ing departments by means of t r a f f i c  counting devices  
deployed on v a r i o u s  road segments. For example, t h e  Transpor ta t ion  
Surveys Sec t ion  of the  Michigan Department of Highways and 
Transpor ta t ion  (1977) opera tes  108 permanent t r a f f i c  recording s t a t i o n s  
and conducts about 16,000 t r a f f i c  counts  annual ly  wi th  p o r t a b l e  
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counte r s (Kees le r ,  1977).  I n  Michigan and i n  every o t h e r  s t a t e  t h e s e  
k inds  of d a t a  a r e  used t o  e s t i m a t e  annual t o t a l s  of m i l e s  t r a v e l e d  by 
v a r i o u s  road types .  Bowever, no s t a t e  u t i l i z e s  a c o n t r o l l e d  p r o b a b i l i t y  
des ign  f o r  t h e  placement of t h e  t r a f f i c  count ing dev ices  on a l l  types  of 
roads w i t h i n  t h e  s t a t e ,  s o  t h e  degree  of accuracy of t h e  v a r i o u s  t r a f f i c  
volume e s t i m a t e s  cannot be  a s c e r t a i n e d ,  a s  i t  can i n  Grea t  B r i t a i n  where 
p e r i o d i c a l l y  r e p r e s e n t a t i v e  samples of a l l  roads have been used f o r  
n a t i o n a l  t r a f f i c  volume s t u d i e s  (Tanner et &, 1962; Timbers, 1968). 
Bodle (1973) d i s c u s s e s  two approaches t o  sampling of l o c a l  roads f o r  a 
t r a f f i c  count ing survey and b r i e f l y  d e s c r i b e s  t h e i r  p i l o t  implementation 
i n  Colorado and Idaho, b u t  no o t h e r  d i s c u s s i o n  of s t a t e w i d e  sampling f o r  
t r a f f i c  count surveys  was found i n  t h e  l i t e r a t u r e  review. 
Highway departments a l s o  sometimes supplement t h e s e  mechanical  
t r a f f i c  counting surveys  w i t h  manual (human) surveys  t o  c l a s s i f y  pass ing 
v e h i c l e s  i n t o  p a r t i c u l a r  types ,  o r  t o  count tu rn ing  movements, e t c .  An 
example of t h e  use  of such  manual c l a s s i f i c a t i o n  counts  i n  t h e  
s o n s t r u c t i o n  of a c c i d e n t  r a t e s  i s  t h e  r e c e n t  s tudy  of r e c r e a t i o n a l  
v e h i c l e  a c c i d e n t s  i n  Kentucky (Hutchinson and Sayre,  1977). Over an 
18-month per iod  s p e c i a l  a c c i d e n t  r e p o r t s  were f i l l e d  ou t  on Kentucky 
a c c i d e n t s  invo lv ing  t e n  c l a s s e s  of r e c r e a t i o n a l  v e h i c l e s .  I n  o r d e r  t o  
o b t a i n  adequate exposure in format ion  f o r  c a l c u l a t i n g  a c c i d e n t  r a t e s  by 
v e h i c l e  c l a s s ,  s p e c i a l  manual c l a s s i f i c a t i o n  surveys  were conducted 
p e r i o d i c a l l y  on e i g h t  Kentucky road segments. 
More s o p h i s t i c a t e d  mechanical  counting ins t ruments  a r e  a l s o  being 
developed which can measure v e h i c l e  speed,  weight,  and t h e  number of 
a x l e s  on t h e  same v e h i c l e .  However, t h e r e  obviously i s  no s u b s t i t u t e  
f o r  v i s u a l  obse rva t ion  a s  a means of ob ta in ing  d e t a i l e d  v e h i c l e  
c l a s s i f i c a t i o n s  such a s  were needed i n  t h e  Kentucky s tudy.  Time-lapse 
cinematography does o f f e r  a p o t e n t i a l  f o r  reducing t h e  human time 
involved i n  v e h i c l e  c l a s s i f i c a t i o n  counts ,  e s p e c i a l l y  i f  t h e  camera can 
be  operated i n  unattended mode, b u t  t h e  human eye is  s t i l l  requ i red  t o  
view and code t h e  f i lmed d a t a  (W. Baker and Will iams, 1972; Dougan et 
al., 1973). Wilkes (1972) d e s c r i b e s  t h e  use  of t h e  Orbis  111 camera 
combined wi th  d u a l  speed sens ing  s t r i p s  i n  t h e  pavement t o  o b t a i n  
photographic  records  of speeders  i n  Ar l ing ton ,  Texas. Ifurphy (1973) 
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descr ibes  t he  use of a time-lapse camera with a d i g i t a l  clock t o  record 
t r a f f i c  movements on a low-volume f o r e s t  s e rv i ce  road. Only once a week 
maintenance and f i lm  replacement were required,  although there  were a 
number of problems of f a l s e  t r igger ing  of the infra-red sensor by 
shadows, with vandalism, e t c .  
Another approach t o  gathering trip-in-process data  by mechanical 
means involves the i n s t a l l a t i o n  of spec i a l  instruments & a motor 
vehic le  t o  record such da t a  items a s  time, speed, mileage, brake 
app l i ca t ions ,  e t c .  General Motors has inser ted  such instruments i n  
customer ca r s  t o  operate  unattended f o r  up t o  four  months with the 
purpose of obtaining b e t t e r  information about t yp ica l  vehic le  usage 
pa t t e rns  (M.  Baker, 1974; J. Peterson,  1974; Johnson e t  a l . ,  1975). The 
Environmental Pro tec t ion  Administration has a l s o  been supporting the  
development of s imi l a r  instrumentat ion to  p lace  i n  p r i v a t e  cars  i n  order  
t o  obta in  b e t t e r  information f o r  i t s  f u e l  economy cycles  (Thompson, 
1978). The instrument under development by MB Associates would include 
a but ton f o r  the  d r ive r  to  push when changing between r u r a l  and urban 
environments. 
Obviously a major problem with such instruments a s  f a r  a s  
co l l ec t ing  general  exposure information i s  the pauci ty of da ta  i n  the 
d r ive r  and environmental areas .  As one so lu t ion  t o  t h i s  problem General 
Motors has used a "chase cart '  technique i n  which a professional  d r ive r  
i n  an instrumented vehic le  follows a randomly se lec ted  vehic le  f o r  one 
t r i p  ( o r  u n t i l  i t  i s  obvious t h a t  the other  d r ive r  i s  being dis turbed by 
the  following).  He at tempts  t o  dupl ica te  the dr iving behavior of the  
veh ic l e  being followed and a l s o  notes i n  a tape recorder  information on 
the  o ther  d r ive r  and on road type and o ther  environmental 
c h a r a c t e r i s t i c s  (Johnson e t  a l . ,  1974). Boek (1957) a l so  descr ibes  a 
following technique f o r  the determination of the frequency of unsafe 
dr iv ing  act ions.  The l i cense  numbers of the  se lec ted  vehic les  were used 
t o  obta in  information on the  owners' d r ive r  records i n  order  to  compare 
accident  and v i o l a t i o n  da t a  with the  observed driving behavior. 
2.3.1 Roadside Interview Surveys. Another time-honored approach 
t o  co l l ec t ing  exposure information i n  t ranspor ta t ion  s tud ie s  i s  the 
roadside or ig in-des t ina t ion  interview. I n  t ranspor ta t ion  planning such 
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a survey i s  o f t e n  r e f e r r e d  t o  a s  an  "ex te rna l"  survey ( i n  c o n t r a s t  t o  
t h e  home i n t e r v i e w  " i n t e r n a l "  s u r v e y ) ,  and i t  u s u a l l y  invo lves  p l a c i n g  
i n t e r v i e w e r s  a t  roads ide  s t a t i o n s  on main roads  around t h e  p e r i f e r y  of 
t h e  s tudy  a r e a  ( t h e  cordon Line) .  For example, i n  the  1954 C i n c i n n a t i  
s tudy  d i scussed  p rev ious ly  (Ohio Department of Highways, 1958?) 29 
s t a t i o n s  were opera ted  on t h e  Hamilton County l i n e  on roads  which 
exceeded 1000 v e h i c l e s  pe r  day i n  t r a f f i c  volume. Such i n t e r v i e w s  a r e  
t y p i c a l l y  q u i t e  s h o r t ,  invo lv ing  mainly a d r i v e r  r e p o r t  of t h e  o r i g i n ,  
d e s t i n a t i o n ,  and purpose of t h e  t r i p  and perhaps where t h e  v e h i c l e  is 
garaged. Vehicle  type and s t a t e  of r e g i s t r a t i o n  and t h e  number of 
occupants can b e  ob ta ined  by observa t ion .  Lovejoy (1960) r e p o r t s  t h a t  
t h e  New York P o r t  Author i ty  c a r r i e d  out  93,000 such i n t e r v i e w s  a t  t o l l  
p l a z a s  i n  1958. I n t e r v i e w e r s  were a b l e  t o  average 40 i n t e r v i e w s  per  
hour dur ing survey per iods  e s t a b l i s h e d  on a cont inuous  sampling b a s i s .  
I n  Kentucky Bennett  and Taqui (1974) r e p o r t  t h e  use of 72 e x t e r n a l  
cordon s t a t i o n s  on t h e  s t a t e  border  between 1964 and 1971. These 
included 56% of t h e  s t a t e  boundary c r o s s i n g s  cover ing 95% of t h e  t r a f f i c  
- excluding t h e  Ohio River  b r i d g e s  i n  t h e  L o u i s v i l l e  and C i n c i n n a t i  
a r e a s  where t h e  heavy volumes were considered t o  make in te rv iewing  t o o  
hazardous. Hajek (1977) p rov ides  some i n t e r e s t i n g  d a t a  from an Onta r io  ' 
roads ide  survey i n  a d i s c u s s i o n  of opt imal  sampling r a t e s  a t  roads ide  
s t a t i o n s .  
Obviously r o a d s i d e  in te rv iews  can most convenient ly  be  c a r r i e d  ou t  
a t  p l a c e s  where t r a f f i c  normally h a s  t o  s t o p  anyway,such a s  t o l l  p l a z a s ,  
and i t  i s  p a r t i c u l a r l y  d i f f i c u l t  and dangerous t o  conduct such a survey 
on a high-speed l i m i t e d  access  freeway c a r r y i n g  heavy volumes. 
Never theless ,  Wiklund and F o r s e l l s  (1972) r e p o r t  t h a t  a s u c c e s s f u l  
roads ide  in te rv iewing  survey was c a r r i e d  ou t  on t h e  E-4 motorway o u t s i d e  
of Stockholm f o r  f o u r  days ( inc lud ing  some darkness  h o u r s )  i n  1971. 
F i f t e e n  thousand i n t e r v i e w s  were obta ined w i t h  t h e  t r a f f i c  and s a f e t y  
a s s i s t a n c e  of t e n  p o l i c e  o f f i c e r s ,  about a 35% sample of t h e  pass ing  
t r a f f i c .  There was only  a 1% r e f u s a l  r a t e  from t h e  s e l e c t e d  m o t o r i s t s .  
They f e e l  t h e  procedures  used would work on freeways w i t h  up t o  30,000 
d a i l y  t r a f f i c  volume. I n  t h e  p i l o t  s tudy  i n t e n i e w i n g  had t o  be  
d i scon t inued  f o r  10 minutes a t  6:30 p.m. because of a l a r g e  t r a f f i c  
back-up, bu t  no such problem occurred i n  t h e  main s tudy .  
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The San Antonio  p o l i c e  have a l s o  conducted  weekend evening  r o a d s i d e  
i n t e r v i e w  and b r e a t h t e s t i n g  s u r v e y s  on  t h e  f reeways  i n  t h a t  c i t y  
(Hawkins, 19 76) , and t h e  Mfchigan Department  of Highways and 
T r a n s p o r t a t i o n  h a s  conducted  r o a d s i d e  i n t e r v i e w s  on  r u r a l  f reeways  up t o  
15,000 v e h i c l e s  i n  d a i l y  t r a f f i c  volume (Beard ,  1978).  However, i n  t h e  
n a t i o n a l  r o a d s i d e  b r e a t h t e s t i n g  s u r v e y  (Wolfe, 1974) and i n  most of t h e  
s c o r e s  of  l o c a l  n i g h t t i m e  r o a d s i d e  b r e a t h t e s t i n g  su rveys  conducted by 
t h e  NHTSA-sponsored a l c o h o l  s a f e t y  a c t i o n  p r o j e c t s  (Lehman e t  a l e ,  1975) 
s t o p p i n g  v e h i c l e s  on  f reeways  was deemed t o o  dangerous.  The I n t e r s t a t e  
Commerce Commission (1977) conducted a na t ionwide  r o a d s i d e  su rvey  of  
t r u c k s  w i t h  t h r e e  o r  more a x l e s  a t  1653 sample p o i n t s  on i n t e r s t a t e  
f reeways  i n  1976. It used most ly  e x i s t i n g  weigh s t a t i o n s  and r e s t  a r e a s  
b u t  a l s o  made u s e  of some road s h o u l d e r  a r e a s  a long  t h e  open highway. 
The r e c e n t  FHWA manual (1975) on urban  o r i g i n - d e s t i n a t i o n  su rveys  
i n c l u d e s  a t e c h n i c a l  pape r  on r o a d s i d e  i n t e r v i e w i n g  a t  h i g h  volume 
s t a t i o n s  ( E x h i b i t  6-4). 
A l a r g e - s c a l e  r o a d s i d e  su rvey  i n  e l e v e n  s t a t e s  was c a r r i e d  o u t  by 
t h e  Bureau o f  P u b l i c  Roads i n  1958 (Solomon, 1964) .  T h i s  i nvo lved  
i n t e r v i e w s  w i t h  o v e r  290,000 d r i v e r s  on 35 main r u r a l  road segments (no 
f r eeways ) .  I n  a d d i t i o n  t o  t h e  i n t e r v i e w  d a t a  t h e  t r a v e l i n g  speed  of t h e  
s e l e c t e d  v e h i c l e s  was r eco rded  by r a d a r  on a s t r e t c h  of  highway p r i o r  t o  
t h e  s t o p p i n g  p o i n t .  I n  t h e  r e s u l t i n g  a n a l y s i s  t h e s e  exposure  d a t a  were  
compared w i t h  d a t a  from 10,000 a c c i d e n t s  on t h e  same road s e c t i o n s  ove r  
3-4 y e a r s .  
Due t o  t h e  problems of d e l a y  and t r a f f i c  back-up i n  even a s h o r t  
r o a d s i d e  i n t e r v i e w  on busy r o a d s ,  a number of o r i g i n - d e s t i n a t i o n  s t u d i e s  
have  used t h e  p rocedure  of  s t o p p i n g  c a r s  j u s t  l ong  enough t o  g i v e  t h e  
d r i v e r  a  mai lback  p o s t c a r d .  I n  a  Michigan su rvey  i n  t h e  C a d i l l a c  and 
Petoskey a r e a s  d u r i n g  t h e  summer of 1977 ove r  27,000 c a r s  were s topped ,  
and about  40% of t h e  p o s t c a r d s  were e v e n t u a l l y  r e t u r n e d  (L. Brown, 
1978). The New York P o r t  A u t h o r i t y  was a b l e  t o  o b t a i n  o n l y  17-18% 
r e t u r n s  i n  i t s  p o s t a l  s u r v e y s  a t  t o l l  p l a z a s  and t h e s e  were  abandoned, 
(Lovejoy,  1978). I n  t h e  1971 Puge t  Sound Reg iona l  T r a n s p o r t a t i o n  Study 
comparisons were made between r o a d s i d e  i n t e r v i e w  and r o a d s i d e  p o s t c a r d  
s u r v e y s  a t  t h e  same l o c a t i o n s .  Only abou t  35% of t h e  p o s t c a r d s  were 
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r e t u r n e d ,  and t h e  d i s t r i b u t i o n s  of t r i p  purpose i n  t h e  two d a t a  s e t s  
were s i g n i f i c a n t l y  d i f f e r e n t ,  w i t h  t h e  pos tca rd  method over represen t ing  
"home" and "work" t r i p s  and under represen t ing  o t h e r  t r i p s  (P. Brown, 
1978). While t h i s  technique c l e a r l y  has  some advantages i n  terms of 
reduced personnel  c o s t s  and r e d u c ~ d  d i s t u r b a n c e  t o  t h e  motoring p u b l i c ,  
i t  seems u n l i k e l y  t h a t  s u f f i c i e n t l y  h igh  response r a t e s  could be 
obta ined t o  provide adequate  exposure d a t a  f o r  NEDS purposes.  
2 . 3 . 2  Roadside License  P l a t e  Surveys. The record ing  of t h e  
l i c e n s e  p l a t e  numbers of v e h i c l e s  pass ing c e r t a i n  roads ide  l o c a t i o n s  h a s  
been c a r r i e d  o u t  by a v a r i e t y  of methods f o r  a number of d i f f e r e n t  
purposes.  One common use  of t h i s  technique i s  f o r  determining t h e  
average speed of v e h i c l e s  from one p o i n t  t o  a second p o i n t  a long a road 
by recording a l l  v e h i c l e s  pass ing each p o i n t  and t h e  time of passage 
(wi th  well-synchronized watches) .  Soss lau  and Houts (1975) d e s c r i b e  a 
p i l o t  s tudy  comparing two methods of recording l i c e n s e  numbers f o r  such 
a speed survey,  speaking i n t o  a v o i c e  t ape  recording and typ ing  on a 
touch-tone c a s s e t t e  connectsd t o  a machine-readable t ape .  The l a t t e r  
method was more expensive i n  terms of equipment and more e r r o r  prone, 
b ~ :  they s t i l l  recommend i t  f o r  a l a r g e  s tudy  because  of i t s  e f f i c i e n c y  
time-wise by p e r m i t t i n g  immediate computer matching of t h e  recorded 
numbers from t h e  two l o c a t i o n s .  I n  a l a r g e  s e a t  b e l t  o b s e r v a t i o n  survey 
i n  t h e  D e t r o i t  a r e a  Lincorp observers  recorded l i c e n s e  numbers by paper 
and p e n c i l ,  and t h e s e  numbers were used t o  t r a c e  t h e  r e s i d e n c e  l o c a t i o n s  
of t h e  v e h i c l e  owners a s  a means t o  a socio-economic a n a l y s i s  of s e a t  
b e l t  use (Motor i s t s  Informat ion,  I n c . ,  1978). Pau l ley  e t  a l .  (1977) 
d e s c r i b e  t h e  recording of v e h i c l e  r e g i s t r a t i o n  numbers by t ime-lapse 
photography a t  a number of p o i n t s  along some B r i t i s h  motorways i n  o r d e r  
t o  determine t r i p  l e n g t h s  on t h e  motorways by a matching procedure.  
They found t h a t  from 1-5% of t h e  f i lmed numbers were impossible  t o  read 
and t h a t  a n o t h e r  10% were miscoded. However, t h e s e  e r r o r  r a t e s  were 
s t i l l  b e t t e r  than  those  i n  a p i l o t  t e s t  recording t h e  numbers v e r b a l l y  
i n t o  a t ape  recorder  and then  keypunching them. Hardman (1978) 
d e s c r i b e s  a s i m i l a r  bu t  more e x t e n s i v e  survey on B r i t i s h  motorways a l s o  
us ing p r i m a r i l y  photographic recording.  A t  most of t h e  major s i t e s  t h e  
cameras were mounted on b r i d g e s ,  and t e lepho to  l e n s e s  were used t o  f i l m  
t h e  v e h i c l e s  from t h e  f r o n t  a t  a d i s t a n c e  of s e v e r a l  hundred meters  so 
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a s  t o  cover a l l  t h r e e  l a n e s  adequate ly .  Main l e g i b i l i t y  problems had t o  
do w i t h  d i r t y  p l a t e s ,  s u n l i g h t  g l a r e ,  shadows from ano ther  v e h i c l e ,  and 
occas iona l  d i f f i c u l t y  d i s t i n g u i s h i n g  such s i m i l a r  l e t t e r s  a s  "D" and 
"0". Coding of t h e  f i l m  which was sho t  a t  one frame p e r  second was a  
time-consuming process  inc lud ing  no t  only t h e  r e g i s t r a t i o n  number bu t  
a l s o  t h e  v e h i c l e  type and occupancy r a t e .  Makowski and Sinha (1976) 
provide a  s t a t i s t i c a l  procedure  f o r  analyzing j u s t  t h e  l a s t  t h r e e  d i g i t s  
i n  such l i c e n s e  p l a t e  matching surveys.  
It i s  p o s s i b l e  t h a t  an o b s e r v a t i o n a l  su rvey ,  us ing e i t h e r  cameras 
o r  human eyes o r  both ,  could a l s o  provide informat ion on t h e  s e x  and 
approximate age of t h e  d r i v e r ,  thus  cover ing most of t h e  major v a r i a b l e s  
of i n t e r e s t  i n  an exposure survey.  However, one key v a r i a b l e ,  t h a t  
having t o  do wi th  t h e  d e s t i n a t i o n  and purpose of t h e  t r i p ,  can never be 
obta ined by observa t ion .  It  r e q u i r e s  d i r e c t  in fo rmat ion  from t h e  
d r i v e r .  I n  o rder  t o  o b t a i n  t h i s  in fo rmat ion  a  number of l i c e n s e  p l a t e  
surveys  have used t h e  l i c e n s e  p l a t e  numbers t o  a s c e r t a i n  t h e  name and 
address  of t h e  v e h i c l e  owner and t o  mai l  him o r  h e r  a  mailback 
q u e s t i o n n a i r e  about t h e  p a r t i c u l a r  t r i p  on which he o r  s h e  was observed. 
. A p i l o t  survey of t h i s  s o r t  was sponsored by t h e  Federa l  Highway 
Adminis t ra t ion a t  four  freeway l o c a t i o n s  i n  t h e  Boston a r e a  on a  January 
weekend i n  1968 (McCann and Maring, 1968). I n  pre l iminary t e s t i n g  i t  
was decided t h a t  n e i t h e r  human recording i n t o  a  t a p e  recorder  nor human 
reading of numbers f o r  a  second person t o  t r a n s c r i b e  provided 
s u f f i c i e n t l y  a c c u r a t e  d a t a ,  and t h e  d a t a  a t  t h r e e  s i t e s  were recorded by 
a  16 mm Kodak Cine S p e c i a l  camera wi th  a  s i x  inch t e lepho to  l e n s  t ak ing  
p i c t u r e s  of t h e  v e h i c l e  r e a r s .  I f  s e t  t o  cover bo th  l a n e s  t h e  
i n d i v i d u a l  s t a t e  names could n o t  b e  d i s t i n g u i s h e d  adequa te ly ,  s o  
s e p a r a t e  cameras were needed f o r  each l ane .  Over 93% of t h e  
Massachusetts  l i c e n s e s  recorded were s u c c e s s f u l l y  matched i n  t h e  s t a t e  
r e g i s t r a t i o n  f i l e ,  and t h e  f i r s t  mai l ing took p l a c e  w i t h i n  t h r e e  days of 
t h e  observa t ion .  Almost 652 of t h e  Massachusetts  q u e s t i o n n a i r e s  were 
r e t u r n e d ,  wi th  h igher  r a t e s  t h e  c l o s e r  t h e  day of mai l ing t o  t h e  day of 
observat ion.  It took twelve days t o  complete t h e  matching of out-of- 
s t a t e  l i c e n s e s  i n  t h e  f i l e s  of seven nearby s t a t e s ,  but  s t i l l  a  60% 
r e t u r n  was obta ined from t h e  ou t -o f - s ta te  mai l ing.  A smal l  percentage 
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of t h e  r e t u r n s  were n o t  usab le .  No follow-up mai l i3gs  were a t tempted.  
A f u l l - f l e d g e d  o r i g i n - d e s t i n a t i o n  e x t e r n a l  survey us ing l i c e n s e  
p l a t e  record ing  w i t h  p o s t a l  follow-ups was c a r r i e d  ou t  a t  35 s t a t i o n s  a t  
t h e  Rhode I s l a n d  border  i n  1972 (Al l inson ,  Inc . ,  1972?) .  A t  t h e  h igh  
volume s i t e s  a c losed  c i r c u i t  t e l e v i s i o n  system was used wi th  one camera 
p e r  l a n e ,  a l l  recoding on a s i n g l e  v ideo  t a p e  r e c o r d e r .  A t  o t h e r  
s t a t i o n s  record ing  was done by paper and p e n c i l  o r  by v o i c e  i n t o  a t ape  
recorder .  No s a t i s f a c t o r y  n i g h t t i m e  recording methods were found, and 
t h e  survey was conducted dur ing  t h e  daytime only .  Twenty percen t  of t h e  
surveyed v e h i c l e s  were used f o r  matching, n o t  only  i n  t h e  Rhode I s l a n d  
s t a t e  f i l e s  bu t  a l s o  i n  those  of New York, Connect icut ,  and 
Massachusetts ,  and 26,551 q u e s t i o n n a i r e s  were mailed out .  The r e t u r n  
r a t e  of usab le  responses  was on ly  31%, f o r  an average t o t a l  c o s t  p e r  
r e t u r n  of $15.30. 
The Rhode I s l a n d  survey  a l s o  d i d  n o t  use any follow-up mai l ing ,  bu t  
a two-mailing procedure  i n  a s i m i l a r  survey i n  C a l i f o r n i a  d i d  r e s u l t  i n  
a s u b s t a n t i a l l y  h i g h e r  r e t u r n  r a t e  (Ochoa, 1978). Th i s  was a 1975 
t r a v e l  survey i n  t h e  Sacramento-Stockton-San Franc i sco  Bay Area Cor r idor  
i n  which a l a r g e  sample of C a l i f o r n i a  l i c e n s e  p l a t e s  were recorded 
e i t h e r  by camera o r  by one person w i t h  b i n o c u l a r s  reading t h e  numbers t o  
a second person who recorded them. The r e t u r n  r a t e  on t h e  f i r s t  ma i l ing  
was 51%, and a follow-up mai l ing  t o  non-respondents brought an 
a d d i t i o n a l  23% r e t u r n .  However, only  about 661 were u s a b l e ,  mainly due 
t o  i n s u f f i c i e n t l y  p r e c i s e  o r i g i n  o r  d e s t i n a t i o n  informat ion.  Other 
s i m i l a r  surveys  on high-volume roads  have been conducted i n  1974, 1975, 
and 1976 on t h e  main road between F o n t r e a l  and Ottawa (Smith, 1978),  and 
i n  1977 and 1 9 7 8  on some urban freeways i n  t h e  Toronto a r e a  where 
s topping t r a f f i c  f o r  a normal roads ide  in te rv iew was deemed i m p r a c t i c a l  
(Gleason e t  a l . ,  1978). Response r a t e s  f o r  t h e  l a t t e r  surveys  have been 
about 40% wi thou t  any follow-ups. 
The Federa l  Highway Admin is t ra t ion  sponsored a second l i c e n s e  p l a t e  
survey i n  1968, t h i s  t ime i n  Kansas and wi th  a b u i l t - i n  comparison t o  
r e s u l t s  from a roads ide  in te rv iew survey (McCann and Maring, 1969). The 
roads ide  in te rv iews  were c a r r i e d  o u t  on 1-70 f o r  f o u r  days i n  mid- 
August, and t h e  f i lming  of l i c e n s e  p l a t e s  was done a t  t h e  same s i t e  two 
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weeks l a t e r .  Only Kansas c a r s  were i cc luded ,  and a  69% r e t u r n  from t h e  
s i n g l e  mai l ing was obta ined (63% was t h e  usab le  response  r a t e ) .  A 
comparison of t h e  t r i p  l e n g t h s  and purposes i n d i c a t e d  t h a t  t h e r e  was 
l i t t l e  b i a s  i n  t h e  p o s t a l  d a t a  compared t o  t h e  in te rv iew d a t a ,  a l though 
t h e r e  was a  somewhat smal le r  p ropor t ion  of o l d e r  v e h i c l e s  i n  t h e  p o s t a l  
r e t u r n s .  Data c o l l e c t i o n  c o s t s  a r e  a l s o  repor ted  a s  s i a i l a r  f o r  t h e  two 
types  of surveys (about $.42 p e r  c a s e ) ,  a l though presumably t h e  camera 
technique was s a f e r .  
None of t h e  l i c e n s e  p l a t e  surveys discussed above were c a r r i e d  out  
dur ing  hours  of darkness ,  a  l i m i t a t i o n  which would be f a t a l  t o  a  t r u l y  
r e p r e s e n t a t i v e  n a t i o n a l  exposure d a t a  c o l l e c t i o n  scheme which would have 
t o  r e p r e s e n t  n igh t t ime  d r i v i n g  a s  w e l l  a s  daytime d r i v i n g .  For t h e  
Rhode I s l a n d  survey Al l inson  Inc .  looked i n t o  t h r e e  approaches t o  
n igh t t ime  l i c e n s e  p l a t e  r ecord ing ,  b u t  they found t h e  so-cal led  
"moonlight" t e l e v i s i o n  camera was not  s u i t a b l e ,  and t h a t  bo th  high- level  
(14 f e e t )  and low-level ( 2  f e e t )  s p o t l i g h t  and f l o o d l i g h t  i l l u m i n a t i o n  
presented s a f e t y  hazards  t o  m o t o r i s t s  (Danielson e t  a l . ,  1974). Dougan 
e t  a l .  (1973) repor ted  looking i n t o  synchronized s t roboscop ic  l i g h t i n g  --
f o r  3-secon.' f i lming  of t r a f f i c  incidences  a t  some impact a t t e n u a t i o n  
devices  i n  Connecticut .  However, they decided t h a t  c o s t s  were 
p r o h i b i t i v e  f o r  t h e i r  purposes. Developments i n  t h i s  a r e a  a r e  
con t inu ing ,  and w i t h  FRWA suppor t  the  Naval Sur face  Weapons Laboratory 
h a s  been developing a  p ro to type  camera system capable  of photographing 
l i c e n s e  p l a t e s  and v e h i c l e  occupants a t  n i g h t  f o r  p o l i c e  enforcement 
purposes,  us ing in f ra - red  l i g h t i n g  o r  a  red s t r o b e  l i g h t  w i t h  f i l t e r s  
(W. Baker, 1978).  
Another t e c h n i c a l  innova t ion  which could poss ib ly  s e r v e  a s  a  
s u b s t i t u t e  f o r  a  l i c e n s e  p l a t e  survey sometime i n  t h e  f u t u r e  should be 
mentioned. Th i s  i s  t h e  e l e c t r o n i c  t ransponder  which can be  a t t ached  
under a  v e h i c l e  and can emit a  unique v e h i c l e  i d e n t i f i c a t i o n  code which 
can be picked up by a  roads ide  i n t e r r o g a t o r  (Foote,  1974).  The main use 
f o r  such automat ic  v e h i c l e  i d e n t i f i c a t i o n  ( A V I )  devices  a t  p resen t  i s  t o  
s i m p l i f y  b i l l i n g  procedures f o r  buses and f l e e t s  of c a r s  a t  t o l l  booths,  
b u t  i f  such AVI  devices  came t o  be  u n i v e r s a l l y  i n s t a l l e d  on motor 
v e h i c l e s  a t  sometime i n  t h e  f u t u r e  such a  system could g r e a t l y  s t m p l i f y  
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and improve t h e  a c c u r a c y  o f  t h e  p r o c e s s  of i d e n t i f i c a t i o n  o f  inotor 
v e h i c l e s  p a s s i n g  s e l e c t e d  r o a d s i d e  l o c a t i o n s .  
3. PRELYINARY DESIGN CONSIDERATIONS 
I n  seeking t o  determine t h e  most c o s t - e f f e c t i v e  des ign  f o r  a  
n a t i o n a l  motor v e h i c l e  exposure d a t a  system, i t  seems u s e f u l  t o  beg in  by 
looking s e p a r a t e l y  a t  t h e  d i f f e r e n t  components of a  survey des ign  and 
analyzing t h e  advantages and disadvantages  of t h e  v a r i o u s  a l t e r n a t i v e s  
a v a i l a b l e  f o r  each component. Thus t h i s  s e c t i o n  c o n t a i n s  s e p a r a t e  
d i s c u s s i o n s  of d a t a  e lements ,  primary sampling a r e a s ,  sampling elements 
and sources ,  d a t a  c o l l e c t i o n  methods, t iming,  survey a d m i n i s t r a t i o n ,  and 
sample s i z e  and survey c o s t .  Obviously t h e s e  v a r i o u s  a s p e c t s  of a  
survey p l a n  may be  c l o s e l y  i n t e r r e l a t e d  and i t  may sometimes b e  
d i f f i c u l t  t o  d i s c u s s  them i n  i s o l a t i o n ,  b u t  due t o  t h e  myriad of a t  
l e a s t  s l i g h t l y  d i f f e r e n t  complete des igns  a v a i l a b l e  t h i s  seems t h e  most 
manageable a n a l y t i c a l  approach. 
3.1 Data Elements 
The b a s i c  purpose of t h e  Na t iona l  Exposure Data System i s  t o  o b t a i n  
in format ion  on t h e  amount of motor v e h i c l e  t r a v e l  i n  v a r i o u s  c a t e g o r i e s  
considered u s e f u l  f o r  t h e  planning and e v a l u a t i o n  of highway s a f e t y  
countermeasures and /or  of o t h e r  programs concerned wi th  motor v e h i c l e  
usage. Thus t h e  key dependent v a r i a b l e  which must b e  c o l l e c t e d  i n  any 
NEDS des ign  is  v e h i c l e  mi les  t r a v e l e d  (VMT). This  d a t a  element could be 
c o l l e c t e d  e i t h e r  through a  procedure which sampled completed t r i p s  and 
asked d r i v e r s  f o r  records  o r  e s t i m a t e s  of t h e  mi les  t r a v e l e d ,  o r  through 
a  procedure of sampling t r i p s  i n  p rocess  on a  known-probability sznp le  
of road segments. I n  e i t h e r  approach,  i f  t h e  sampling was proper ly  
c a r r i e d  o u t ,  t h e  r e s u l t i n g  d a t a  could be used t o  e s t i m a t e  n a t i o n a l  VMT 
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t o t a l s  w i t h i n  conf idence limits. A second dependent v a r i a b l e  which 
might be u s e f u l  f o r  some a n a l y t i c  purposes i s  v e h i c l e  d u r a t i o n  of 
t r a v e l ,  a l though t h i s  could probably  on ly  be  obta ined i n  a  p a s t - t r i p  
s tudy.  The r a t i o  between mi les  and d u r a t i o n  of t r a v e l  might be of 
p a r t i c u l a r  a n a l y t i c  i n t e r e s t .  
Turning t o  t h e  independent v a r i a b l e s ,  t h e r e  a r e  probably hundreds 
of p o t e n t i a l  i n t e r e s t  t o  someone i n  some of t h e  s e c t i o n s  of WTSA, FRWA, 
EPA, t h e  Department of Energy, e t c -  The problem i s  t o  determine t h e  
d a t a  e lements  of most g e n e r a l  i n t e r e s t  and of most v a l u e  t o  NASS which 
can most f e a s i b l y  b e  c o l l e c t e d  by NEDS. A s  a  b a s i s  f o r  determining t h e  
most u s e f u l  independent d a t a  e lements  t h e r e  is  t h e  a n a l y s i s  of t h e  HSRI 
1970 n a t i o n a l  exposure s tudy  by C a r r o l l  (19711, t h e  d i s c u s s i o n s  a t  t h e  
Symposium on Driving Exposure ( C a r r o l l ,  1973),  and t h e  d e c i s i o n s  by t h e  
p lanners  of NASS a s  t o  which d a t a  elements t o  inc lude  i n  t h e  NASS 
a c c i d e n t  i n v e s t i g a t i o n s .  The Symposium recommended seven b a s i c  
independent v a r i a b l e s :  d r i v e r  age and sex;  v e h i c l e  make, model, and 
y e a r ;  road type ( i n c l u d i n g  a  rura l -urban d i s t i n c t i o n ) ;  and l i g h t  
c o n d i t i o n  (day /n igh t ) .  Two o t h e r  p r e d i c t o r  v a r i a b l e s  found t o  be of 
cons iderab le  v a l u e  i n  exp la in ing  t h e  v a r i a n c e  i n  exposure i n  t h e  HSRI 
n a t i o n a l  sample of l i c e n s e  o f f i c e  renewal a p p l i c a n t s  a r e  d r i v i n g  on t h e  
job and road c o n d i t i o n  (wet ,dry) .  Although i t  may no t  b e  p a r t i c u l a r l y  
u s e f u l  f o r  a c c i d e n t  r a t e  a n a l y s i s ,  broadening t h e  driving-on-the-job 
v a r i a b l e  t o  inc lude  o t h e r  t r i p  purposes (commuting, shopping,  s o c i a l ,  
r e c r e a t i o n a l ,  v a c a t i o n ,  e t c . )  seems d e s i r a b l e  f o r  a g e n e r a l  
unders tanding of American d r i v i n g  p a t t e r n s ,  f o r  e s t i m a t i n g  t h e  
e l a s t i c i t y  of demand f o r  f u e l ,  e t c .  I n  a d d i t i o n  in format ion  on t h e  
number of occupants is e s s e n t i a l  f o r  an a n a l y s i s  of person exposure t o  
t h e  r i s k  of acc iden t  r a t h e r  than j u s t  d r i v e r  o r  v e h i c l e  exposure. Thus 
t h e  above t e n  v a r i a b l e s  a r e  considered t h e  b a s i c  independent v a r i a b l e s  
f o r  t h e  a n a l y s i s  of exposure d a t a ,  and they should be c o l l e c t e d  i n  any 
kind of a  n a t i o n a l  exposure survey.  A l l  of them a r e  included i n  t h e  
c u r r e n t  Canadian Nat iona l  Driving Survey (Rochon, pt &, 1978). I t  
should be noted t h a t  c e r t a i n  o t h e r  c o n t e x t u a l  v a r i a b l e s  of i n t e r e s t ,  
such a s  day of week, season,  r eg ion ,  and u r b a n i c i t y ,  dl1 be b u i l t  i n t o  
t h e  s a m ~ l e  des ign  and thus  will au tomat ica l ly  be  a v a i l a b l e  f o r  a n a l y s i s .  
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Fortunately,  a l l  of the above va r i ab l e s  a r e  a l so  included among the 
da t a  elements cu r r en t ly  being co l lec ted  i n  t he  NASS p i l o t  study. The 
NASS da ta  s e t  a l s o  includes a  number of o ther  va r i ab l e s  of po ten t i a l  
value i n  an exposure survey. Other general  d r ive r  da ta  elements 
co l lec ted  i n  NASS include estimated annual mileage, months of dr iv ing  
experience, type of d r ive r  education, type of l i cense ,  l i cense  
r e s t r i c t i o n s ,  he ight ,  weight, and v io l a t ions  record. Other t r i p  
s p e c i f i c  d r ive r  va r i ab l e s  include s e a t  b e l t  use,  a lcohol  condit ion,  and 
frequency of making the  same trip. Certainly the  ro l e s  of d r ive r  
education and exposure, of use of s e a t  b e l t s ,  and of a lcohol  consumption 
a r e  a l l  cont rovers ia l  i s sues  i n  the ana lys i s  of accident  frequency and 
s e v e r i t y ,  and i t  would be des i r ab l e  t o  include these i n  the  NEDS 
program. However, i t  seems unl ikely t h a t  r e l i a b l e  alcohol  use da ta  
could be co l lec ted  i n  a  pas t - t r ip  survey, and reported s e a t  b e l t  use 
a l s o  would probably be somewhat unre l iab le  i n  such a  survey. 
Among other  general  vehic le  va r i ab l e s  i n  NASS a r e  body type 
(2-door, &door, s t a t i o n  wagon, e t c . ) ,  curb weight, s t a t e  of 
r e g i s t r a t i o n ,  a v a i l a b i l i t y  of pro tec t ive  devices ( including ch i ld  
r e s t r a i n t s ) ,  general  type of use (pr iva te ,  business ,  t a x i ,  e t c . ) ,  and 
cur ren t  odometer reading. Other t r i p  s p e c i f i c  vehic le  va r i ab l e s  i n  BASS 
a r e  age of passengers by s e a t  loca t ion ,  sex of passengers by s e a t  
l oca t ion ,  type of towed u n i t  ( i f  any),  type and weight of cargo ( i f  
any) ,  and use f o r  school o r  emergency t ranspor ta t ion .  I t  should be 
noted t h a t  general vehic le  type and vehic le  s i z e  va r i ab l e s  could be 
derived from the bas ic  veh ic l e  make, model, and model year da ta ,  but 
more prec ise  c l a s s i f i c a t i o n s  could be made i f  the  body type and curb 
weight va r i ab l e s  were a l s o  co l lec ted .  These s i z e  and type va r i ab l e s  a r e  
becoming of increasing i n t e r e s t  i n  accident  ana lys is  with the  increasing 
heterogenei ty i n  the veh ic l e  mix on American roads. The a v a i l a b i l i t y  of 
var ious types of occupant pro tec t ion  devices w i l l  a l s o  be of increasing 
i n t e r e s t  a s  the automotive industry moves toward meeting the  new passive 
r e s t r a i n t  standard. Information on age and sex of passengers by s e a t  
pos i t i on  could a l s o  be usefu l  f o r  a  more de t a i l ed  person exposure 
ana lys is  and f o r  understanding the  r e l a t i v e  v u l n e r a b i l i t i e s  of d i f f e r e n t  
sea t ing  loca t ions .  
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The NASS program a l s o  c o l l e c t s  a  l a r g e  number of environmental  d a t a  
e lements  regarding t h e  p a r t i c u l a r  acc iden t  l o c a t i o n ,  which i t  would be 
almost impossible  t o  c o l l e c t  i n  a  p a s t - t r i p  exposure su rvey ,  b u t  which 
could be c o l l e c t e d  i n  a  t r ip- in-process  survey a t  a sample of r o a d s i d e  
l o c a t i o n s .  These inc lude  d e t a i l e d  road c l a s s i f i c a t i o n ,  type of roadway 
s e c t i o n ,  road s u r f a c e  m a t e r i a l ,  road s u r f a c e  c o n d i t i o n ,  number of t r a v e l  
l a n e s ,  roadway d i v i s i o n ,  a c c e s s  c o n t r o l ,  number of t r a v e l  d i r e c t i o n s ,  
number of s h o u l d e r s ,  road p r o f i l e ,  road a l ignment ,  speed l i m i t ,  narrow 
b r i d g e  a r e a ,  c o n s t r u c t i o n  a r e a ,  previous  a c c i d e n t  a r e a ,  roadway 
immersion a r e a ,  schoo l  zone, and i n t e r s e c t i o n  t r a f f i c  c o n t r o l s .  Other 
v a r i a b l e s  of p o t e n t i a l  i n t e r e s t  i n  such a  roads ide  survey which a r e  n o t  
p r e s e n t l y  c o l l e c t e d  i n  NASS i n c l u d e  presence of r o a d s i d e  o b s t a c l e s ,  
presence of parked v e h i c l e s ,  t r a f f i c  d e n s i t y ,  average t r a f f i c  speed,  
road l a n e  width  ( q u i t e  a  c o n t r o v e r s i a l  i s s u e  a t  FHWA), types  of warning 
s i g n s  and pavement markings, and l o c a t i o n  and d i r e c t i o n  of t h e  sun's 
r ays .  
Other g e n e r a l  d r i v e r  d a t a  n o t  p r e s e n t l y  c o l l e c t e d  i n  NASS but  of 
p o t e n t i a l  a n a l y t i c  v a l u e  inc lude  such d a t a  elements a s  p h y s i c a l  
d i s a b i l i t i e s ,  m a r i t a l  s t a t u s ,  educa t ion ,  employment s t a t u s ,  occupa t iona l  
group, income l e v e l ,  r e s i d e n c e  type and ownership, r e l a t i o n s h i p  t o  
v e h i c l e  owner, u s u a l  d r i v i n g  speed i n  r e l a t i o n  t o  o t h e r s ,  and a c c i d e n t  
record.  It i s  i inportant  t o  t h e  NASS program t h a t  p e r i o d i c  surveys  b e  
conducted concerning repor ted  and non-reported a c c i d e n t s ,  s o  t h a t  
in fo rmat ion  on t h e  p r o p o r t i o n  of a l l  a c c i d e n t s  a v a i l a b l e  i n  t h e  NASS 
sample frame may be  assessed  and may be  used i n  a d j u s t i n g  n a t i o n a l  
acc iden t  e s t i m a t e s  based on t h e  NASS da ta .  Thus i t  might be  q u i t e  cos t -  
e f f e c t i v e  t o  c o l l e c t  t h i s  a c c i d e n t  exper ience d a t a  a s  p a r t  of an 
exposure survey r a t h e r  than i n  an  independent survey.  The Canadian 
Nat ional  Driving Survey i s  c o l l e c t i n g  d a t a  on acc iden t  exper ience  dur ing  
t h e  previous  twelve months from i t s  sample of d r i v e r s ,  a l though t h e  
Na t iona l  Center  f o r  Heal th  S t a t i s t i c s  (1972)  has  found t h a t  a much 
s h o r t e r  pe r iod  i s  optimum f o r  acc iden t  r e c a l l .  
There a r e  a l s o  some a d d i t i o n a l  v e h i c l e  d a t a  elements not  now 
c o l l e c t e d  i n  NASS which come t o  mind a s  p o t e n t i a l  v a r i a b l e s  of i n t e r e s t .  
These inc lude  number of c y l i n d e r s ,  eng ine  displacement ,  power s t e e r i n g ,  
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power b rakes ,  t i n t e d  windshie ld ,  v e h i c l e  c o l o r ,  af ter -market  
m o d i f i c a t i o n s ,  whether t h e  v e h i c l e  was purchased new o r  used,  and month 
and d a t e  of purchase f o r  new c a r s .  This  l a s t  v a r i a b l e  could be used i n  
con junc t ion  wi th  t h e  c u r r e n t  odometer reading t o  e s t i m a t e  annual v e h i c l e  
mileage. Of course  i n  a household survey of d r i v e r s  and t h e i r  t r i p s  i t  
would o f t e n  be  d i f f i c u l t  t o  o b t a i n  a  l o t  of v e h i c l e  d a t a  elements 
because one would have t o  repea t  t h e s e  ques t ions  f o r  each d i f f e r e n t  
v e h i c l e  d r i v e n  on t h e  Trave l  Day(s).  Conversely, i n  a  survey of v e h i c l e  
owners i t  would o f t e n  be  a  problem t o  o b t a i n  a  l o t  of d r i v e r  d a t a  
e lements  because of t h e  n e c e s s i t y  of r e p e a t i n g  t h e  ques t ions  f o r  each 
d i f f e r e n t  d r i v e r  of t h e  v e h i c l e  on t h e  Travel  Day(s).  I n  a  roads ide  
survey t h e r e  would be only  one d r i v e r  and one v e h i c l e  on one t r i p  t o  ask 
about ,  but  i f  t h e  d a t a  were c o l l e c t e d  by roads ide  in te rv iew t h e r e  would 
be cons iderab le  p r e s s u r e  t o  keep t h e  i n t e r v i e w  s h o r t .  However, i f  t h e  
d r i v e r  and v e h i c l e  d a t a  were c o l l e c t e d  by te lephone o r  mai l  follow-up i t  
might be p o s s i b l e  t o  inc lude  q u i t e  a  l a r g e  number of non-basic d r i v e r  
and v e h i c l e  d a t a  elements.  Of course  a  l a r g e  number of environmental  
d a t a  elements could e a s i l y  be  included i n  a  roads ide  survey s i n c e  most 
of t h e s e  would remain cons tan t  f o r  ;I1 t r i p s  sampled dur ing t h e  survey 
per iod.  
Primary Sampling Areas 
The f a c t  t h a t  NEDS is  n o t  an independent program of exposure d a t a  
c o l l e c t i o n ,  b u t  r a t h e r  has  a s  i t s  primary purpose t h e  product ion of 
denominator d a t a  f o r  t h e  c a l c u l a t i o n  of acc iden t  r a t e s  using NASS d a t a  
i n  t h e  numerator,  h a s  a  ve ry  important  i n f l u e n c e  on t h e  choice  of types  
of NEDS primary sampling a r e a s .  I f  NEDS were an independent program and 
i f  t e l ephone  o r  mai l  d a t a  c o l l e c t i o n  methods were deemed adequate,  
s e r i o u s  c o n s i d e r a t i o n  might be  given t o  n o t  having any sampling a r e a s  
bu t  t o  us ing a  n a t i o n a l  random sample of d r i v e r s  o r  v e h i c l e s  from s t a t e  
r e g i s t r a t i o n  f i l e s  o r  from te lephone random d i g i t  d i a l i n g  methods. 
Even i f  in-person o r  roadside  d a t a  c o l l e c t i o n  methods were 
considered e s s e n t i a l ,  thus  making some kind of geograph ica l ly  c l u s t e r e d  
sample an economic n e c e s s i t y ,  i t  would be s t a t i s t i c a l l y  d e s i r a b l e  t o  
conduct an independent NEDS i n  a s  l a r g e  a  number of primary sampling 
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u n i t s  (PSUs) a s  poss ib le  i n  order  t o  reduce as  much a s  poss ib le  the  
c lus t e r ing  e f f e c t  on the  s i z e  of the  variances of the var ious  da t a  
elements. Thus a sample design u t i l i z i n g  the  hundreds of PSUs of the  
Census Population Survey, o r  even the scores  of PSUs i n  the  sample 
design of the Universi ty  of Michigan I n s t i t u t e  f o r  Social  Research, 
would c l e a r l y  be preferab le  t o  the  36-60 PSUs expected t o  be es tab l i shed  
i n  the NASS program i f  NEDS were independent of NASS. 
However, s ince  the  primary goal  of NEDS i s  t o  produce exposure da ta  
which together  with the NASS accident  da t a  w i l l  produce as  prec ise  
est imates  a s  poss ib le  of na t iona l  accident  r a t e s  (accident/exposure 
r a t i o s ) ,  i t  seems des i r ab l e  s t a t i s t i c a l l y  t h a t  the NEDS da ta  be 
co l lec ted  i n  the same PSUs a s  the  NASS da ta ,  so t h a t  the expected 
p o s i t i v e  covariance between accidents  and exposure may be taken i n t o  
account. I n  ca l cu la t ing  the  variance of a r a t i o ,  o r  the var iance  of any 
s t a t i s t i c ,  i t  i s  the sampling design which provides a way t o  ca l cu la t e  
expected values,  var iances,  and covariances between s t a t i s t i c s .  Under 
var ious sampling designs some s t a t i s t i c s  a r e  known t o  be unbiased, o r  
approximately unbiased, es t imates  of t he  population mean, t he  populat ion 
variances,  and the  covariances. A s  can be seen i n  the formula below, i n  
t he  case of the  r a t i o  of two est imates  of population t o t a l s  the est imate 
of the var iance  of t h a t  r a t i o  i s  a func t ion  of the sample est imate of 
t he  r a t i o ,  of the sample var iances  of the two sample t o t a l s ,  and of the 
covariance between them. This bas i c  var iance formula involves the  
ca l cu la t ion  of t h ree  terms separa te ly  f o r  each stratum -- the  variance 
of x, the variance of y ,  and the  covariance -- and summing these  to  
obta in  the ove ra l l  var iance  a s  follows: 
1 
Var (:) = 7 Var (y ) + r2 Var (x) - 2r Covar (x , y ) 
where: 
r = the  ove ra l l  r a t i o  
y = t he  numerator of the r a t i o  
x = t he  denominator of the r a t i o  
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I f  t he  sample designs f o r  the  x and the y va r i ab l e  a r e  chosen 
completely independently,  t he  covariance i s ,  by design, zero. Even 
though the  two va r i ab l e s  of i n t e r e s t  may be pos i t i ve ly  co r r e l a t ed ,  a s  
one would expect accidents  and driving t o  be, t h e r e  can be no covariance 
term t o  sub t r ac t  from the  sum of the  two variance terms when the sample 
designs a r e  independent. Thus the s t a t i s t i c a l  i s sue  becomes a  quest ion 
of t he  r e l a t i v e  trade-off between the p o t e n t i a l  decrease i n  the x 
variance term from u t i l i z i n g  a  NEDS sample design with a  l a r g e  number of 
s t r a t a  and PSUs and the  p o t e n t i a l  value of the  s u b t r a c t i b l e  covariance 
term ava i l ab l e  from co l l ec t ing  the  accident  and exposure da ta  i n  the 
same NASS PSUs. Unfortunately,  t he re  is  no a v a i l a l e  da t a  f o r  estimating 
t h e  ac tua l  e f f e c t s  of e i t h e r  of these  choices on the variance of an 
accident/exposure r a t i o .  Thus one must choose on the b a s i s  of one's 
b e s t  judgement. Since i t  seems reasonable t o  expect a  f a i r l y  high 
covariance between accidents  and exposure, i t  appears t h a t  u t i l i z i n g  the  
NASS PSUs f o r  the exposure da ta  c o l l e c t i o n  i s  more l i k e l y  t o  lead t o  a 
minimization of the var iance  than i s  u t i l i z i n g  even a  very l a r g e  number 
of PSUs i n  an independent NEDS sample, although the re  is  no way t o  
accura te ly  est imate j u s t  how l a rge  the number of PSUs would have to  be 
i n  an independent sample t o  make up f o r  not having a  covariance term t o  
subt rac t .  It would a l s o  be poss ib le  t o  augment the  NASS sample with an 
add i t i ona l  s e l e c t i o n  of NEDS PSUs,  thus reducing the  variance of the 
exposure data  alone, but  t h i s  would not seem worthwhile because the 
covariance term could only be ca lcu la ted  f o r  the  PSUs i n  which both 
accident  and exposure da t a  were co l lec ted .  
It should be noted t h a t  a  sample design using the  same PSUs does 
not r equ i r e  t h a t  accident  and exposure da t a  on the  same observat ional  
u n i t s  be co l lec ted  i n  order  t o  minimize the variance.  While accident 
da t a  could be co l lec ted  from people and vehic les  a t  accident  l oca t ions ,  
exposure da ta  could be co l lec ted  from people and vehic les  a t  o ther  
roadside loca t ions ,  o r  a t  r e s i d e n t i a l  addresses,  e t c . ,  a s  long a s  they 
were i n  the same PSUs. 
Another po ten t i a l  value of co l l ec t ing  the  exposure da ta  i n  the NASS 
PSUs i s  the  p o s s i b i l i t y  of co l l ec t ing  the needed da ta  on reported and 
non-reported accidents  a s  pa r t  of the NEDS survey. These data  need t o  
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b e  c o l l e c t e d  i n  t h e  JASS PSUs f o r  most e f f e c t i v e  u s e ,  and i t  seems t h a t  
pe rhaps  t h e y  c o u l d  b e  c o l l e c t e d  most c o s t - e f f e c t i v e l y  i n  c o n j u n c t i o n  
w i t h  t h e  NEDS su rvey .  
It i s  p o s s i b l e  t h a t  c o l l e c t i n g  b o t h  a c c i d e n t  and exposu re  d a t a  i n  
t h e  same PSUs would c a u s e  o p e r a t i o n a l  problems by ove rburden ing  t h e  
p u b l i c  o f f i c i a l s  o r  c i t i z e n s  of  a  PSU. C e r t a i n l y  i f  r o a d s i d e  s u r v e y s  
were t o  b e  c a r r i e d  o u t  t h e  c o o p e r a t i o n  and a s s i s t a n c e  of t h e  l o c a l  
p o l i c e  would b e  e s s e n t i a l .  Whether t h e y  would be more o r  l e s s  w i l l i n g  
t o  p r o v i d e  such  a s s i s t a n c e  i n  PSUs which a l r e a d y  have  NASS d a t a  
c o l l e c t i o n  teams i s  d i f f i c u l t  t o  judge .  It p robab ly  depends  on how good 
a r e l a t i o n s h i p  h a s  been  e s t a b l i s h e d  by t h e  NASS team. However, f o r  
household  s u r v e y s  no a s s i s t a n c e  would be r e q u i r e d  from l o c a l  o f f i c i a l s ,  
and w i t h  a  minimum p o p u l a t i o n  s i z e  of  50 ,000 i n  each  PSU i t  seems l i k e l y  
t h a t  o n l y  a few p e r s o n s  each  y e a r  would b e  c o n t a c t e d  f o r  b o t h  t h e  NASS 
and t h e  NEDS d a t a  c o l l e c t i o n s .  i t  a p p e a r s  t h a t  conce rn  f o r  
overburdening  a PSU shou ld  n o t  b e  a  major  f a c t o r  i n  t h e  d e c i s i o n  a s  t o  
whether  o r  no t  t o  u s e  t h e  NASS PSUs f o r  t h e  NEDS program. 
3 . 3  Sampling Elements  and Sources  
For  a  r o a d s i d e  su rvey  t h e  sampl ing  e lement  and t h e  g e n e r a l  means of  
sampl ing  i t  is  obvious .  It i s  a d r i v e r - v e h i c l e  combinat ion  sampled 
w h i l e  a t r i p  i s  i n  p r o c e s s  on a road  segment s e l e c t e d  on a c o n t r o l l e d  
p r o b a b i l i t y  b a s i s  i ,  w i t h  a  known, n o t  n e c e s s a r i l y  e q u a l ,  
p r o b a b i l i t y  based  on a common measure  of s i z e )  from among a l l  t h e  road  
segments i n  a  sampling a r e a .  Thus l o c a l  road maps and t r a f f i c  volume 
d a t a  p r o v i d e  t h e  b a s i c  sampl ing  s o u r c e .  However, i t  would be  a 
s u b s t a n t i a l  t a s k  t o  d e t e r m i n e  t h e  b e s t  p rocedures  f o r  deve lop ing  a 
sample of  road  segments.  T h i s  would p robab ly  i n v o l v e  choos ing  a n  
a p p r o p r i a t e  s t a n d a r d  segment l e n g t h  ( o r  choos ing  v a r i o u s  s t a n d a r d  
l e n g t h s  f o r  v a r i o u s  road  c l a s s e s ) ,  l i s t i n g  a l l  of t h e  e l i g i b l e  road 
segments w i t h i n  v a r i o u s  t r a f f i c  volume o r  g e n e r a l  u s e  s t r a t a ,  and 
randomly s e l e c t i n g  a p p r o p r i a t e  numbers of road  segments from each  
s t r a t u m .  I n  l a r g e  PSUs a subsampling of PSUs i n t o  seconda ry  s e l e c t i o n  
a r e a s  might  b e  c a r r i e d  o u t  u s i n g  p o p u l a t i o n  o r  road mi l eage  d a t a  p r i o r  
t o  t h e  l i s t i n g  of e l i g i b l e  road  segments ,  o r  p rocedures  i n v o l v i n g  
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choosing random squares  on a g r i d  might be  used f o r  t h i s  subsampling. 
Even a f t e r  road segments were chosen and ass igned t o  a p a r t i c u l a r  
t ime pe r iod  on a p a r t i c u l a r  d a t e ,  t h e r e  would remain t h e  i s s u e s  of how 
t o  choose t h e  p a r t i c u l a r  survey s i t e  and how t o  sample p a r t i c u l a r  
v e h i c l e s  from t h e  pass ing  s t ream of t r a f f i c .  I t  should be mentioned 
t h a t  roads ide  segments should be a s  s h o r t  a s  f e a s i b l e  (perhaps a h a l f  
mi le  o r  l e s s )  because i n  t h e  c a l c u l a t i o n  of v e h i c l e  mi les  t r a v e l e d  (VMT) 
t h e  assumption would be  made t h a t  a l l  v e h i c l e s  pass ing t h e  p a r t i c u l a r  
roads ide  s i t e  were t r a v e l i n g  over  t h e  e n t i r e  segment. While t h i s  would 
not  n e c e s s a r i l y  b e  t r u e ,  i t  i s  hoped t h a t  v e h i c l e s  which t r a v e l e d  on 
p a r t  of t h e  segment b u t  d i d  no t  pass  t h e  roads ide  l o c a t i o n  would be 
roughly balanced by v e h i c l e s  which t r a v e l e d  pas t  the  roads ide  l o c a t i o n  
b u t  a l s o  d i d  not  t r a v e l  t h e  e n t i r e  segment, s o  t h a t  f a i r l y  a c c u r a t e  
e s t i m a t e s  of o v e r a l l  VMT would be  obta ined based on known p r o b a b i l i t i e s  
of s e l e c t i o n  of v e h i c l e s  and of road segments. Thus t h e  need f o r  
balancing turn-offs  and turn-ons would have to  be taken i n t o  account i n  
choosing p a r t i c u l a r  roadside  s i t e s ,  along wi th  o t h e r  c o n s i d e r a t i o n s  such 
a s  s a f e t y  and v i s i b i l i t y .  Of course  a c t u a l  v e h i c l e  counts  of tu rn ing  
behavior  on t h e  s e l e c t e d  segments could a l s o  be  used t o  improve t h e  
accuracy of t h e  VMT es t ima tes .  
A r e l a t e d  sampling and o p e r a t i o n a l  i s s u e  concerns t h e  s e l e c t i o n  of 
v e h i c l e s .  While a f i x e d  sampling r a t e  a t  a  g iven s i t e  would c l e a r l y  be  
p r e f e r a b l e  s  t a r i s t i c a l l y ,  t h i s  would be  very d i f f i c u l t  t o  apply 
o p e r a t i o n a l l y  i n  a roads ide  in te rv iew survey.  But t h e r e  i s  a s e r i o u s  
ques t ion  of p o t e n t i a l  b i a s  i n  a sampling procedure based on in te rv iewer  
convenience ( t a k i n g  t h e  next  a v a i l a b l e  v e h i c l e  a f t e r  one in te rv iew i s  
f i n i s h e d ) ,  even when an o v e r a l l  sampling f r a c t i o n  f o r  t h e  survey per iod 
would be recorded.  
For a survey of p a s t  t r i p s  on one o r  more Travel  Days t h e  b a s i c  
q u e s t i o n  i s  whether t h e  sampling element should be a v e h i c l e  and i t s  
t r i p s  o r  a d r i v e r  and h i s l h e r  t r i p s .  I n  many c a s e s  i t  probably would 
not  make much d i f f e r e n c e ,  s i n c e  o f t e n  a p a r t i c u l a r  v e h i c l e  w i l l  be 
d r iven  by j u s t  one d r i v e r  on a g iven Trave l  Day, and conversely o f t e n  a 
g iven d r i v e r  w i l l  o p e r a t e  only  one v e h i c l e  on a given Travel  Day. I f  
s t a t e  r e g i s t r a t i o n  f i l e s  were considered f e a s i b l e  a s  a sampling source  
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and some kind of t r i p  record form was to  be kept ,  probably the  veh ic l e  
would be preferab le  to  the d r ive r  a s  the  sampling element because i t  
would seem more convenient to keep a  t r i p  record form with the veh ic l e  
f o r  a l l  of i t s  d r ive r s  to  f i l l  out than to  expect the d r ive r  of a  number 
of vehic les  to car ry  such a  form with himlher i n  each vehic le  used. On 
the other  hand, f o r  a  simple-recall  survey i t  would undoubtedly be 
e a s i e r  to  ask one d r ive r  t o  r e c a l l  a l l  of h i s /he r  t r i p s  and thus a  
sample of d r ive r s  would be preferred.  
In regard to  s t a t e  f i l e s  a s  a  sampling source, a  survey i n  the 50 
s t a t e s  concerning the  a v a i l a b i l i t y  of d r ive r  and vehic le  records f o r  
sampling purposes i nd ica t e s  t h a t  i n  a  number of s t a t e s  such sampling 
would be very d i f f i c u l t  o r  impossible (due to  technica l  o r  l e g a l  
problems), and i t  would a l s o  of ten  be very expensive. So the use of 
s t a t e  records a s  a  sampling source f o r  a  na t iona l  survey does not seem 
t o  be a  reasonable p o s s i b i l i t y .  Having to  dea l  continuously with many 
d i f f e r e n t  s t a t e  bureaucracies i n  drawing the  NEDS sample would a l so  
p lace  a  subs t an t i a l  adminis t ra t ive  burden on the  N D S  program s t a f f .  
Surveying d r ive r s  o r  vehic le  owners a t  s t a t e  l i cens ing  o r  veh ic l e  
r e g i s t r a t i o n  o f f i ce s  would a l so  not be a  reasonable survey approach f o r  
a  na t iona l  survey because many s t a t e s  do not requi re  a  personal v i s i t  
f o r  d r ive r  and/or vehic le  l i c e n s e  renewal. Of course even i f  a l l  s t a t e s  
required in-person renewals such samples would s u f f e r  from the  
underrepresentat ion of the newest and the o ldes t  d r ivers  and vehicles .  
Thus the only f e a s i b l e  sampling sources f o r  a  past  r e c a l l  survey 
would seem t o  be r e s i d e n t i a l  loca t ions  where d r ive r s  l i v e  o r  r e s i d e n t i a l  
and non-residential  loca t ions  where vehic les  a r e  owned. In  the l a t t e r  
case one would have d i f f i c u l t y  obtaining an adequate sample of 
commercial and government vehicles .  Since such vehic les  would tend t o  
be concentrated i n  a  few loca t ions ,  a  sampling approach which gave an 
equal probabi l i ty  of s e l ec t ion  to each loca t ion  (whether a  sample of 
addresses o r  of telephone numbers) would be l i k e l y  t o  g rea t ly  
overrepresent o r  underrepresent commercial vehic les .  I f  a l l  vehicles  a t  
a  se lec ted  commercial loca t ion  were included i n  the sample, t h i s  would 
place a  g rea t  burden on the  few se lec ted  owners of many vehic les ,  the  
da ta  from which would l i k e l y  be qu i t e  homogeneous and not representa t ive  
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of t h e  g e n e r a l  d i v e r s i t y  of commercial v e h i c l e  use.  On t h e  o t h e r  hand, 
i f  only  one o r  a few v e h i c l e s  were sampled a t  s e l e c t e d  commercial 
l o c a t i o n s ,  commercial v e h i c l e s  would then be  s u b s t a n t i a l l y  
underrepresented i n  t h e  t o t a l  sample -- u n l e s s  some way of g iv ing  
a d d i t i o n a l  chances of s e l e c t i o n  t o  commercial l o c a t i o n s  was app l ied .  
Since  t h e  v a s t  m a j o r i t y  of r e s i d e n t i a l  l o c a t i o n s  have only one o r  
two d r i v e r s  i n  t h e  household and very  few c o n t a i n  more than four  
d r i v e r s ,  sampling d r i v e r s  a t  t h e i r  p l a c e s  of res idence  would seem t o  be  
t h e  p r e f e r a b l e  approach f o r  a p a s t - t r i p  survey.  Once c o n t a c t  was made 
wi th  a household i t  seems l i k e l y  t h a t  i t  would be c o s t - e f f e c t i v e  t o  
o b t a i n  t r i p  in format ion  from a l l  t h e  d r i v e r s  i n  t h e  household,  a s  has  
been t h e  procedure w i t h  t h e  two Nationwide Persona l  T r a n s p o r t a t i o n  
Surveys c a r r i e d  ou t  by t h e  Census Bureau. Such a procedure would 
s u b s t a n t i a l l y  i n c r e a s e  t h e  t o t a l  s i z e  of t h e  d r i v e r  sample wi thou t  a 
commensurate i n c r e a s e  i n  c o s t s ,  and i t  would a l s o  avoid t h e  n e c e s s i t y  of 
a sometimes awkward and complex s e l e c t i o n  procedure a t  t h e  household 
l e v e l  and t h e  subsequent use  of household weights i n  t h e  a n a l y s i s  s t age .  
It would a l s o  provide some i n t e r e s t i n g  within-household d a t a  on d r i v i n g  
behavior  of d i f f e r e n t  household members i n  r e l a t i o n  t o  number and kinds  
of household v e h i c l e s .  On t h e  o t h e r  hand, i f  d i f f e r e n t  d r i v e r s  i n  a 
household tend t o  make s i m i l a r  types  of t r i p s  ( i . e . ,  t o  be homogeneous 
i n  t h e i r  tr ip-making),  then s t a t i s t i c a l l y  t h e  d a t a  from t h e  a d d i t i o n a l  
d r i v e r s  may not  do much t o  reduce t h e  v a r i a n c e  of survey e s t i m a t e s  and 
may no t  be worth t h e  added c o s t  and t h e  a d d i t i o n a l  burden t o  
respondents.  
It i s  c l e a r  t h a t  i f  a l l  d r i v e r s  i n  a s e l e c t e d  household a r e  
included i n  t h e  sample each should be in tenr iewed i n d i v i d u a l l y  i f  a t  a l l  
p o s s i b l e  r a t h e r  than o b t a i n i n g  t r i p  r e p o r t s  by proxy from ano ther  
household member. Lansing,  et &, (1970) i n  a household survey i n  
which one random respondent repor ted  a l l  household t r i p s  found t h a t  
wives repor ted  an average of 3.75 t r i p s  f o r  t h e i r  husbands, whi le  
husbands repor ted  an average of 4.61 t r i p s  f o r  themselves. 
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3.4 - Data  C o l l e c t i o n  P r o c e d u r e s  
A s  d i s c u s s e d  i n  t h e  L i t e r a t u r e  r ev iew,  t h e r e  a r e  two b a s i c  d a t a  
c o l l e c t i o n  approaches  under  c o n s i d e r a t i o n ,  t h e  t r i p - i n - p r o c e s s  r o a d s i d e  
s u r v e y  and t h e  p a s t - t r i p  r e c a l l  househo ld  su rvey .  The l a t t e r  h a s  a t  
l e a s t  f i v e  s e r i o u s  problems f o r  t h e  NEDS program -- a  p o t e n t i a l  
u n d e r r e p o r t i n g  of  t r i p s ,  l i k e l y  i n a c c u r a t e  e s t i m a t e s  of t r i p  d i s t a n c e s ,  
t h e  d i f f i c u l t y  of  o b t a i n i n g  v e r y  much t r i p  c h a r a c t e r i s t i c s  d a t a  i n  t h e  
roadway and env i ronmen ta l  a r e a ,  t h e  problem of t o o  g r e a t  a r e sponden t  
burden f o r  p r o f e s s i o n a l  d r i v e r s  who make many t r i p s  p e r  day ( t a x i  
d r i v e r s ,  postmen, l o c a l  d e l i v e r y  d r i v e r s ,  e t c . ) ,  and t h e  f a c t  t h a t  
d r i v e r s  who l i v e  i n  a  NASS sampl ing  a r e a  a r e  n o t  t h e  o n l y  p e r s o n s  who 
d r i v e  and have  a c c i d e n t s  i n  t h a t  a r e a .  Thus t h e  r o a d s i d e  s u r v e y  method 
of sampl ing  t r i p s  i n  p r o c e s s  h a s  a g r e a t  d e a l  of a p p e a l .  A l l  of  t h e  
roadway and env i ronmen ta l  d a t a  e l e m e n t s  of  i n t e r e s t  would a u t o m a t i c a l l y  
b e  a v a i l a b l e  a s  p a r t  of t h e  sampl ing  d e s i g n  o r  by  s u r v e y  p e r s o n n e l  
o b s e r v a t i o n ,  and i f  t h e  sampl ing  p r o c e d u r e  were  p r o p e r l y  c a r r i e d  o u t  
t h e r e  would b e  no problem o f  t r i p  u n d e r r e p o r t i n g  o r  o f  poor  t r i p  
d i s t a n c e  e s t i m a t e s  o r  of a  mismatch between pe r sons  e l i g i b l e  f o r  t h e  
exposu re  sample and p e r s o n s  e l i g i b l e  f o r  t h e  a c c i d e n t  sample.  Also  such  
a  s u r v e y  would r educe  t h e  burden on t h e  l o c a l  p r o f e s s i o n a l  d r i v e r  s i n c e  
h e / s h e  would o n l y  have  one  t r i p  sampled l i k e  a l l  t h e  o t h e r  r e sponden t s .  
I n  a d d i t i o n ,  r o a d s i d e  i n t e r v i e w  s u r v e y s  a r e  l i k e l y  t o  p r o v i d e  h i g h e r  
r e s p o n s e  r a t e s  t h a n  any o t h e r  p e r s o n a l  d a t a  c o l l e c t i o n  method, a l t h o u g h  
t h e r e  might  sometimes b e  problems w i t h  p o t e n t i a l l y  e l i g i b l e  m o t o r i s t s  
changing  t h e i r  t r a v e l  r o u t e s  u n n a t u r a l l y  t o  avo id  s u r v e y  s i t e s  which 
t h e y  o b s e r v e  i n  o p e r a t i o n  o r  h e a r  abou t  from f r i e n d s  o r  CB r a d i o s .  
On t h e  o t h e r  hand,  t h e r e  a r e  a l s o  l i k e l y  t o  b e  v e r y  s e r i o u s  
o p e r a t i o n a l  problems w i t h  a r o a d s i d e  su rvey  which i s  c a r r i e d  o u t  on  a l l  
t y p e s  of r o a d s  a t  a l l  times of t h e  day  and n i g h t .  S topp ing  a  sample of 
v e h i c l e s  i n  o r d e r  t o  conduc t  i n t e r v i e w s  cou ld  b e  ex t r eme ly  haza rdous  and 
d i s t u r b i n g  t o  t r a f f i c  f l o w  on  l i m i t e d  a c c e s s  and o t h e r  h i g h  volume and/  
o r  h i g h  speed r o a d s ,  e s p e c i a l l y  d u r i n g  peak t r a v e l  p e r i o d s .  A t  t h e  
o t h e r  extreme c o s t s  p e r  i n t e r v i e w  would t end  t o  be  v e r y  h i g h  f o r  
r o a d s i d e  i n t e r v i e w i n g  on low-volume r u r a l  r o a d s ,  e s p e c i a l l y  l a t e  a t  
n i g h t .  
PRELIMINARY CONSIDERATIONS November 1978 
Because of t h e s e  problems t h e  l i c e n s e  p l a t e  survey w i t h  m a i l  o r  
t e l ephone  follow-up t o  v e h i c l e  owners v i a  s t a t e  v e h i c l e  r e g i s t r a t i o n  
f i l e s  i s  worth s e r i o u s  c o n s i d e r a t i o n  a s  an a l t e r n a t i v e  t o  roads ide  
i n t e r v i e w i n g ,  a t  l e a s t  a t  hazardous and /o r  h igh  volume l o c a t i o n s  and a t  
i n e f f i c i e n t  low volume l o c a t i o n s .  Advances i n  photographic  t echn iques  
appear  t o  make such surveys  f e a s i b l e  a t  n i g h t  a s  w e l l  a s  dur ing  t h e  day. 
Also t h e  i n c r e a s i n g  compute r i za t ion  of s t a t e  motor v e h i c l e  r e g i s t r a t i o n  
f i l e s  could make p o s s i b l e  q u i t e  r a p i d  follow-up of observed d r i v e r s  i n  
many s t a t e s  where one h a l f  t o  t h r e e  q u a r t e r s  of an  observed sample might 
be  followed up by t e l ephone  w i t h i n  24 hours ,  w h i l e  most of t h e  remainder 
could be con tac ted  by m a i l  w i t h i n  72 hours.  Hopefully such r a p i d  
follow-up, much of i t  by pe r sona l  c o n t a c t  v i a  t h e  te lephone,  p l u s  mul t i -  
wave mai l ings  t o  v e h i c l e  owners wi thout  l i s t e d  t e l ephones  could produce 
h i g h e r  response  r a t e s  than  t h o s e  i n  t h e  l i c e n s e  p l a t e  follow-up s t u d i e s  
r epor ted  i n  t h e  l i t e r a t u r e  review. 
I n  s p i t e  of t h e  appeal  of a  roads ide  survey approach which combines 
in te rv iewing  a t  middle volume s i t e s  w i t h  l i c e n s e  p l a t e  follow-ups a t  
h i g h  and low volume s i t e s ,  i t  does n o t  seem t o  be  a  p r a c t i c a l  approach 
f o r  a  nationwide NEDS survey be-ause  t h e r e  a r e  a  number of s t a t e s  i n  
which c u r r e n t  i n t e r p r e t a t i o n s  of p r ivacy  laws would p reven t  r e l e a s i n g  
t h e  names and a d d r e s s e s  of v e h i c l e  owners f o r  such a  survey purpose.  
There is  a l s o  a  "1984 Big Brother"  element' t o  c a r r y i n g  o u t  a  l i c e n s e  
p l a t e  survey which might g e n e r a t e  v o c a l  n e g a t i v e  r e a c t i o n s  from some 
d r i v e r s  a f t e r  being informed t h a t  t h e i r  motor v e h i c l e  had been observed 
by a  government-sponsored survey a t  a  c e r t a i n  t ime on a  c e r t a i n  road ,  
and t h e r e  i s  a  s e r i o u s  q u e s t i o n  i n  t h e  c u r r e n t  c l i m a t e  of concern about 
p r ivacy  i s s u e s  a s  t o  whether approval  could be  obta ined from t h e  O f f i c e  
of Management and Budget f o r  f e d e r a l  sponsorship  of  such a  survey.  
There would a l s o  b e  s u b s t a n t i a l  o p e r a t i o n a l  problems i n  o rgan iz ing  such 
a  survey -- i n  developing t h e  sample of r o a d s i d e  segments, i n  o b t a i n i n g  
r e l i a b l e  photographic  equipment which could o p e r a t e  au tomat ica l ly  and 
e f f e c t i v e l y  i n  a l l  k inds  of weather and l i g h t  c o n d i t i o n s ,  i n  determining 
a p p r o p r i a t e  methods of vandal-proof and th ief -proof  deployment of such 
equipment, i n  choosing s a f e  i n t e r v i e w e r  s i t e s ,  i n  ob ta in ing  l o c a l  p o l i c e  
coopera t ion  a t  i n t e r v i e w e r  s i t e s ,  i n  h i r i n g  in te rv iewing  and o t h e r  
personnel  w i l l i n g  t o  work a t  a l l  t imes  of day and days of t h e  week, e t c .  
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While these opera t iona l  problems might prove too g r e a t ,  the  idea of 
conducting a  roadside survey by observat ion alone without attempting any 
roadside o r  follow-up interviewing seems worth ser ious  fu r the r  
considerat ion.  A l l  of the  bas i c  da t a  elements except t r i p  purpose could 
be obtained a t  l e a s t  i n  rudimentary form, and even driving on the job 
could genera l ly  be in fe r r ed  from the  vehic le  i n  use although o ther  t r i p  
purposes would be impossibPe t o  guess accurately.  Obviously some e r r o r s  
i n  sex and age category of the  d r ive r ,  i n  the  numbers of occupants, and 
i n  the vehic le  make, model, and year would be inev i t ab l e ,  and perhaps i t  
would only be p r a c t i c a l  t o  use a  gross  veh ic l e  type ca tegor iza t ion  i n  
such a  survey. The chief va lue  of a  roadside observat ion study i s  t h a t  
i t  could be used t o  obta in  de t a i l ed  environmental and roadway data  which 
would not be ava i l ab l e  i n  a  pas t - t r i p  survey and a t  the same time could 
provide rough da t a  on the  bas i c  d r ive r  and vehic le  c h a r a c t e r i s t i c s  of 
i n t e r e s t .  These da ta  would probably be more r e l i a b l e  i f  t h e  s e l ec t ed  
passing vehic les  were captured on f i lm  f o r  l a t e r  c l a s s i f i c a t i o n  on the 
va r i ab l e s  of i n t e r e s t  r a t h e r  than depending so l e ly  on human observation 
a t  the time. Perhaps i t  would a l so  s t i l l  be worthwhile to obta in  
l i c e n s e  p l a t e  numbers i n  order  t o  permit obtaining prec ise  veh ic l e  type 
information from r e g i s t r a t i o n  f i l e s  i n  cooperat ive s t a t e s .  
However, i f  more accurate  and/or more de t a i l ed  data  on d r i v e r  and 
vehic le  c h a r a c t e r i s t i c s  a r e  des i r ed ,  i t  seems necessary t o  u t i l i z e  a  
pas t - t r i p  survey procedure of obtaining information d i r e c t l y  from 
d r ive r s  se lec ted  a t  t h e i r  places of residence. While the l i t e r a t u r e  
review indicated t h a t  the majori ty  of such surveys have been simple- 
r e c a l l  surveys concerning some recent  Travel Day(s),  pr imari ly  by in- 
person interview but a  few by telephone interview,  a  number of aided 
r e c a l l  approaches have been t r i e d  out which involve use of a  t r i p  form 
given t o  a respondent p r i o r  t o  the designated Travel Day(s). These 
methods include a  s i n g l e  mail  quest ionnaire ,  a  multi-wave mail 
ques t ionnai re  with telephone and in-person follow-ups, a  mailing 
followed by an in-person t r ip- repor t  interview,  a  mailing followed by a  
telephone t r ip- repor t  interview,  an in-person placement interview 
followed by an in-person t r ip- repor t  interview,  and a  telephone 
placement interview with a  n a i l i n g  foilowed by a  telephone t r i p - r epor t  
interview.  In  addi t ion ,  an in-perso9 interview followed by a telephone 
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t r i p - r e p o r t  i n t e r v i e w  seems wor th  c o n s i d e r i n g .  
A t  i s s u e  i n  choos ing  among t h e s e  v a r i o u s  household s u r v e y  methods 
i s  r e l a t i v e  c o s t ,  r e l a t i v e  expected  r e sponse  r a t e ,  and r e l a t i v e  
comple teness  and accu racy  of  t h e  t r i p  r e p o r t s .  I n  r e g a r d  t o  c o s t  t h e  
s i n g l e  mail s u r v e y  i s  t h e  cheapes t  approach,  and t e l e p h o n e  i n t e r v i e w i n g  
i s  g e n e r a l l y  cheape r  t han  in-person i n t e r v i e w i n g .  It seems l i k e l y  t h a t  
comparable s a t i s f a c t o r y  r e sponse  r a t e s  can  b e  o b t a i n e d  by b o t h  t e l e p h o n e  
and in-person i n t e r v i e w i n g  i f  s u f f i c i e n t  numbers of c a l l b a c k s  a r e  used ,  
b u t  i t  i s  d o u b t f u l  t h a t  even a multi-wave mail su rvey  cou ld  o b t a i n  a  
s a t i s f a c t o r y  r e sponse  r a t e  w i thou t  expens ive  t e l e p h o n e  and in-person  
fol low-ups.  Of c o u r s e  such  follow-up p rocedures  f o r  a  m a i l  s u r v e y  a l s o  
c a u s e  d i f f i c u l t y  w i t h  t h e  sample d e s i g n  because  f o r  a c c u r a t e  t r i p  r e c a l l  
i t  i s  n e c e s s a r y  t o  s u b s t i t u t e  a  new T r a v e l  Day f o r  t h e  o r i g i n a l  T r a v e l  
Day. 
The v a r i o u s  t y p e s  o f  two-contact  p rocedures  us ing  t r i p  r e c o r d  forms 
a r e  a l s o  expected  t o  c o s t  more than  a s i m p l e - r e c a l l  i n t e r v i e w ,  b u t  such 
a n  approach i s  e s s e n t i a l  i f  a c c u r a t e  t r i p  d i s t a n c e  d a t a  is t o  b e  
ob ta ined  by means of  a c t u a l  odometer r e a d i n g s ,  and one e x p e c t s  t h a t  more 
comple te  r e p o r t i n g  of  a l l  t r i p s  on t h e  T r a v e l  Day would a l s o  be  
encouraged by c o n t a c t i n g  r e sponden t s  p r i o r  t o  t h e  T r a v e l  Day and g i v i n g  
them a r eco rd  form. The few compara t ive  s t u d i e s  a v a i l a b l e  i n d i c a t e  t h a t  
t h e r e  i s  probably  n o t  much d i f f e r e n c e  between t e l e p h o n e  and in-person  
i n t e r v i e w i n g  i n  s t i m u l a t i n g  t r i p  r e c a l l  b u t  t h a t  ma i l  q u e s t i o n n a i r e s  nay 
e l i c i t  more complete t r i p  r e c a l l  t han  do s i m p l e - r e c a l l  in-person 
i n t e r v i e w s .  The one compara t ive  v a l i d a t i o n  s t u d y  a v a i l a b l e  (Murray 
1957) found s l i g h t l y  h i g h e r  t r i p  r e p o r t i n g  by mail than  by s i m p l e - r e c a l l  
in-person  i n t e r v i e w  b u t  s u b s t a n t i a l  u n d e r r e p o r t i n g  by b o t h  methods. 
Drawing a sample by random d i g i t  t e l ephone  d i a l i n g  i s  l i k e l y  t o  b e  
s u b s t a n t i a l l y  cheape r  t han  t r a d i t i o n a l  r e s i d e n t i a l  l i s t i n g  methods, and 
i t  a l s o  h a s  t h e  s t a t i s t i c a l  advantage  of p e r m i t t i n g  random sampling 
throughout  a  PSU r a t h e r  t h a n  c l u s t e r i n g  by b locks .  It h a s  t h e  
d i sadvan tage  of n o t  p e r m i t t i n g  r e p r e s e n t a t i o n  of t h a t  s m a l l  p r o p o r t i o n  
of households  which do not  have a t e l ephone  a v a i l a b l e ,  b u t  i t  i s  thought  
t h a t  a t  l e a s t  a  l a r g e  p r o p o r t i o n  of such  households a l s o  do no t  have any 
a c t i v e  l i c e n s e d  d r i v e r s .  Even when an in-person  placement i n t e r v i e w  i s  
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used i t  i s  l i k e l y  t h a t  a  t e lephone  t r i p - r e p o r t  i n t e r v i e w  would be 
cheaper than an in-person t r i p - r e p o r t  i n t e r v i e w ,  a l though i t  may be  t h a t  
in-person reviewing of t h e  t r i p  record  £ o m  would lead t o  more complete 
and a c c u r a t e  d a t a  and would be worth t h e  a d d i t i o n a l  c o s t .  C l e a r l y  an  
in-person t r i p - r e p o r t  i n t e r v i e w  would be requ i red  f o r  any procedure 
invo lv ing  t h e  a c t u a l  mapping of t r i p s  i n  o rder  t o  o b t a i n  more d e t a i l e d  
d a t a  on road type and more a c c u r a t e  d a t a  on t r i p  d i s t a n c e .  The high 
c o s t  of a  procedure  invo lv ing  two in-person in te rv iews  might a l s o  be 
considered c o s t - e f f e c t i v e  i f  i t  enabled c o l l e c t i o n  of t r i p  d a t a  f o r  a  
number of Trave l  Days a s  i n  t h e  Canadian seven-day d i a r y  survey.  
I n  any p a s t - t r i p  survey i t  seems i m p r a c t i c a l  t o  expect  l o c a l  
p r o f e s s i o n a l  d r i v e r s  t o  complete a  s e p a r a t e  t r i p  record  f o r  every 
movement of t h e i r  v e h i c l e s  from one address  t o  another .  There fore  a  
procedure  asking such d r i v e r s  t o  summarize a l l  of t h e i r  t r i p s  of a  
s i m i l a r  type seems a p p r o p r i a t e ,  a s  was used i n  t h e  1977-78 NPTS and i n  
t h e  1978-79 Canadian Nat iona l  Driving Survey. A l t e r n a t i v e l y ,  i t  might 
be p o s s i b l e  t o  work o u t  a  method i n  which l o c a l  p r o f e s s i o n a l  d r i v e r s  
repor ted  i n  d e t a i l  on j u s t  a  sample of t h e i r  day's t r i p s .  
3.5 Timing 
Since amount and p a t t e r n s  of d r i v i n g  vary  cons iderab ly  over  t h e  
d i f f e r e n t  seasons of t h e  y e a r  i n  d i f f e r e n t  p a r t s  of t h e  United S t a t e s ,  
i t  is  c l e a r l y  d e s i r a b l e  t h a t  an  exposure survey be c a r r i e d  out  over a  
f u l l  12-month per iod.  Th is  i s  p a r t i c u l a r l y  t r u e  s i n c e  t h e  NASS a c c i d e n t  
d a t a  will be c o l l e c t e d  cont inuously  over  twelve months, bu t  i t  i s  a l s o  
d e s i r a b l e  i n  t h e  a n a l y s i s  of t h e  exposure d a t a  a lone  t h a t  i t  be 
r e p r e s e n t a t i v e  of a l l  t h e  seasons  of t h e  year .  The 1978-79 Canadian 
Nat iona l  Driving Survey used s t r a t i f i c a t i o n  i n  regard  t o  monthly 
g a s o l i n e  s a l e s  a s  a  means of reducing t h e  number of d r i v e r s  sampled i n  
t h e  w i n t e r  months, b u t  t h a t  appears  t o  be a  s t a t i s t i c a l  mis take.  It 
i s n ' t  t h a t  t h e  number of p o t e n t i a l  d r i v e r s  d e c l i n e s  13 t h e  win te r  
months, i t  i s  j u s t  t h a t  t h e  average amount of d r i v i n g  p e r  d r i v e r  
d e c l i n e s  dur ing t h e  w i n t e r .  Thus t h e  sampling scheme should c a l l  f o r  
roughly equal  numbers of d r i v e r  respondents  each month, and t h e  sum 
t o t a l s  of d r i v i n g  by each month's respondents  should then r e f l e c t  t h e  
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n a t i o n a l  f l u c t u a t i o n s  i n  d r i v i n g  mi l eage  by month. 
I n  a  household s u r v e y  i t  would be  impor t an t  t o  a l s o  p r o v i d e  equa l  
r e p r e s e n t a t i o n  t o  each  day of  t h e  week, and i t  would be  p r e f e r a b l e  
s t a t i s t i c a l l y  t o  s p r e a d  t h e  T r a v e l  Days f o r  a  month's r e sponden t s  even ly  
among a l l  t h e  days  of  t h e  month, r a t h e r  t han  j u s t  among t h e  f i r s t  15 
days  of t h e  month a s  i n  t h e  1977-78 Nationwide P e r s o n a l  T r a n s p o r t a t i o n  
Survey,  a l t hough  such a s p r e a d i n g  of T r a v e l  Days does  probably  i n c r e a s e  
a d m i n i s t r a t i v e  and o p e r a t i o n a l  c o s t s .  To most c l o s e l y  conform w i t h  
t r ip-making behav io r  a  T r a v e l  Day should  p robab ly  b e  d e f i n e d  a s  4:00 
a.m. on t h e  d e s i g n a t e d  d a t e  t o  4:00 a.m. t h e  n e x t  day.  
I n  a r o a d s i d e  su rvey  i t  would n o t  o n l y  b e  impor t an t  t o  sp read  t h e  
su rvey  p e r i o d s  among a l l  t h e  days  of t h e  y e a r  s o  a s  t o  a d e q u a t e l y  
r e p r e s e n t  each  season ,  month, and day of  t h e  week, b u t  a l s o  t o  sample 
a l l  hour s  of  t h e  day  and n i g h t .  I f  a l l  road segments were g i v e n  an 
e q u a l  p r o b a b i l i t y  of  s e l e c t i o n  and one f i x e d  sampling r a t e  were a p p l i e d  
on  a l l  s e l e c t e d  road segments,  t hen  each hour  o f  t h e  day shou ld  be  
sampled e q u a l l y .  However, t h a t  would be  q u i t e  i n e f f i c i e n t ,  and i t  i s  
p robab le  t h a t  s t r a t i f i c a t i o n  of road  segments and of su rvey  t ime p e r i o d s  
i n  r e l a t i o n  t o  t r a f f i c  volume would b e  used i n  c o n j u n c t i o n  w i t h  
d i f f e r e n t i a l  v e h i c l e  sampl ing  r a t e s  t o  i n c r e a s e  t h e  o p e r a t i o n a l  
e f f i c i e n c y  of t h e  sample. 
It i s  a l s o  c l e a r l y  d e s i r a b l e  f o r  t h e  a n a l y s i s  of a c c i d e n t  r a t e s  
t h a t  exposure  d a t a  b e  c o l l e c t e d  i n  a n  on-going NEDS program which 
c o n t i n u e s  from y e a r  t o  y e a r  j u s t  a s  t h e  NASS program w i l l .  While i t  i s  
t e c h n i c a l l y  p o s s i b l e  t o  c o n s t r u c t  a c c i d e n t  r a t e s  w i t h  a c c i d e n t  d a t a  from 
one  y e a r  and exposu re  d a t a  from an  e a r l i e r  y e a r ,  t h e  r e s u l t s  of  such  a  
p rocedure  might n o t  b e  cons ide red  c r e d i b l e  by some u s e r s  of t h e  d a t a ,  
e s p e c i a l l y  i f  t h e r e  were  o t h e r  i n d i c a t i o n s  of s u b s t a n t i a l  changes i n  
American d r i v i n g  b e h a v i o r  s i n c e  t h e  exposure  d a t a  were c o l l e c t e d .  Thus 
one  c e r t a i n l y  would n o t  have f e l t  comfor t ab le  d e r i v i n g  1974 a c c i d e n t  
r a t e s  from 1974 a c c i d e n t  d a t a  and 1973 exposure  d a t a .  
O f  c o u r s e  f o r  g e n e r a l  t r a n s p o r t a t i o n  and energy  p l ann ing  purposes  
i t  i s  a l s o  c l e a r l y  d e s i r a b l e  t h a t  NEDS moni tor  American d r i v i n g  behav io r  
on a  c o n t i n u i n g  b a s i s  r a t h e r  t han  p e r i o d i c a l l y .  I f  such  a  c o n t i n u i n g  
program had been i n  o p e r a t i o n  i n  1973 and 1974, i t  would have  provided  
November 197 8 PRELIMINARY CONSIDERATIONS 
u s e f u l  in fo rmat ion  t o  many government o f f i c i a l s ,  and i n  a  world i n  which 
more sudden changes such a s  t h e  "energy c r i s i s "  of 1974 a r e  q u i t e  l i k e l y  
i t  seems h igh ly  d e s i r a b l e  t o  have such a  t r a v e l  monitoring program i n  
cont inuous  opera t ion .  
3.6 Survey Admin is t ra t ion  
There appear t o  be f o u r  cho ices  worth cons ider ing  f o r  t h e  
a d m i n i s t r a t i v e  o r g a n i z a t i o n  of t h e  NEDS program. NHTSA could:  (1) 
c o n t r a c t  w i t h  t h e  main f e d e r a l  survey agency, t h e  Census Bureau 
Demographic Surveys Div i s ion ,  t o  conduct t h e  NEDS survey,  ( 2 )  c o n t r a c t  
wi th  some o t h e r  n a t i o n a l  survey o r g a n i z a t i o n  t o  conduct t h e  survey;  ( 3 )  
c o n t r a c t  w i t h  s e p a r a t e  l o c a l  survey o r g a n i z a t i o n s  i n  each PSU a s  i n  t h e  
NASS d a t a  c o l l e c t i o n s ;  o r  (4)  c o n t r a c t  wi th  t h e  e x i s t i n g  NASS 
c o n t r a c t o r s  t o  add t h e  exposure survey a c t i v i t y  t o  t h e i r  acc iden t  d a t a  
c o l l e c t i o n  a c t i v i t i e s .  I n  t h e  l a s t  two approaches i t  would probably 
a l s o  be necessary  t o  c o n t r a c t  t h e  genera l  o r g a n i z a t i o n  and s u p e r v i s i o n  
of t h e  NEDS survey t o  one o r  more o r g a n i z a t i o n s  s k i l l e d  i n  survey 
resea rch .  
A t  i s s u e  is which approach i s  l i k e l y  t o  l ead  t o  t h e  h i g h e s t  q u a l i t y  
d a t a  a t  t h e  l e a s t  c o s t  and t r o u b l e  t o  NHTSA. The s i n g l e - c o n t r a c t o r  
approaches have t h e  advantage of reduced a d m i n i s t r a t i v e  problems f o r  
WTSA s t a f f  a s  compared w i t h  m u l t i p l e  l o c a l  c o n t r a c t s .  However, t h e  
NASS PSUs a r e  n o t  l i k e l y  t o  c o i n c i d e  completely wi th  any n a t i o n a l  survey 
o r g a n i z a t i o n ' s  own system of PSUs, s o  providing in te rv iewing  s t a f f  i n  
a l l  t h e  NASS PSUs would probably be  d i f f i c u l t  f o r  a  s i n g l e  c o n t r a c t o r .  
F o r t u n a t e l y ,  t h e  Census Bureau wi th  i t s  hundreds of PSUs ( c u r r e n t l y  over 
400 w i t h  p lans  f o r  over 600  i n  t h e  near  f u t u r e )  i s  expected t o  a l r e a d y  
have i n t e r v i e w e r s  employed i n  most of t h e  NASS PSUs and loca ted  i n  
c o u n t i e s  f a i r l y  c l o s e  t o  t h e  remaining NASS PSUs, and t h e  D i r e c t o r  of 
t h e  Demographic Surveys D i v i s i o n  has  i n d i c a t e d  w i l l i n g n e s s  " to  
admin i s te r  surveys i n  any s t a t i s t i c a l l y  r e l i a b l e  s e t  of geographic a r e a s  
i n  t h e  United S t a t e s " .  Whether o t h e r  n a t i o n a l  survey o r g a n i z a t i o n s  
would be w i l l i n g  t o  p rov ide  in te rv iewer  s e r v i c e s  i n  a l l  of t h e  NASS PSUs 
i s  no t  known. 
The Census Bureau a l s o  has an advantage i n  terms of expected 
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response r a t e s .  No o t h e r  survey o r g a n i z a t i o n ,  whether n a t i o n a l  o r  
l o c a l ,  i s  l i k e l y  t o  be  a b l e  t o  o b t a i n  a s  h igh r a t e s  of coopera t ion  from 
t h e  American p u b l i c  a s  t h e  Census Bureau r o u t i n e l y  o b t a i n s  from i t s  
" o f f i c i a l "  surveys.  Also i n  o t h e r  d a t a  q u a l i t y  a s p e c t s  t h e  Census 
Bureau has  a  h igh r e p u t a t i o n  a s  a  r e s u l t  of i t s  e x t e n s i v e  exper ience,  
s u p e m i s i o n  system, methodological  r esea rch ,  s t a t i s t i c a l  e x p e r t i s e ,  e t c  
On t h e  o t h e r  hand, Census Bureau surveys  tend t o . b e  q u i t e  expensive,  and 
i t  i s  q u i t e  p o s s i b l e  t h a t  o t h e r  n a t i o n a l  survey o r g a n i z a t i o n s  would 
o f f e r  t o  conduct t h e  NEDS survey a t  a  s u b s t a n t i a l l y  lower c o s t  than t h a t  
charged by t h e  Census Bureau. How much response r a t e s  and o t h e r  d a t a  
q u a l i t y  a s p e c t s  would s u f f e r  i n  t h e  hands of some o t h e r  n a t i o n a l  
o r g a n i z a t i o n  i s  d i f f i c u l t  t o  a s s e s s  and obviously depends on t h e  
p a r t i c u l a r  o r g a n i z a t i o n  and i t s  survey procedures.  However, i t  i s  
c l e a r l y  important  i n  a  NEDS household t r a v e l  survey t h a t  mul t i -cal lback 
procedures  b e  used t o  reach not-at-home respondents ,  because t he  very  
people who a r e  no t  a t  home a  l o t  a r e  t h e  ones who a r e  l i k e l y  t o  t r a v e l  
t h e  most. 
Turning t o  t h e  l o c a l  approaches,  c o n t r a c t i n g  s e p a r a t e l y  wi th  l o c a l  
survey o r g a n i z a t i o n s  i n  each NASS PSU seems l i k e l y  t n  be  a  l o t  of 
a d m i n i s t r a t i v e  t r o u b l e  and t o  be  i n e f f i c i e n t  cost-wise.  Since  even a  
maximum NEDS program is  l i k e l y  t o  involve l e s s  than one person-year of 
in te rv iewing  e f f o r t  p e r  PSU, c o n t r a c t i n g  f o r  each survey s e p a r a t e l y  i n  
each PSU seems l i k e l y  t o  r e s u l t  i n  d i s p r o p o r t i o n a t e l y  high 
a d m i n i s t r a t i v e  and overhead charges.  Also some more r u r a l  PSUs would 
l a c k  any l o c a l  survey o r g a n i z a t i o n s ,  and whether such an independent 
o r g a n i z a t i o n  could be s e t  up j u s t  f o r  NEDS a t  o t h e r  than an e x o r b i t a n t  
c o s t  seems doubt fu l .  
However, i n t e g r a t i n g  NASS and NEDS d a t a  c o l l e c t i o n  e f f o r t s  by 
adding survey personne l  t o  t h e  e x i s t i n g  NASS teams seems worthy of 
s e r i o u s  cons idera t ion .  Although superv i s ion  of t h e  l o c a l  NEDS survey 
would e n l a r g e  t h e  r e s p o n s i b i l i t i e s  of t h e  team a d m i n i s t r a t o r ,  i t  seems 
t h a t  t h i s  could be q u i t e  a  c o s t - e f f e c t i v e  approach because i t  would l ead  
t o  only smal l  i n c r e a s e s  i n  a d m i n i s t r a t i v e  and overhead cos t s .  The NASS 
teams a l r e a d y  do a  l o t  of household in te rv iewing  a s  p a r t  of t h e i r  
acc iden t  i n v e s t i g a t i o n  work, s o  i t  would n o t  involve a  g r e a t  change i n  
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t h e  team a c t i v i t i e s .  I n  f a c t  i t  might b e  a  f e a s i b l e  and e f f i c i e n t  use 
of personnel  t o  have a l l  team menbers prepared t o  work on bo th  t h e  
a c c i d e n t  i n v e s t i g a t i o n s  and t h e  exposure survey a s  needed, and such 
v a r i e t y  i n  work ass ignments  might a c t u a l l y  enhance team morale. 
On t h e  o t h e r  hand, such i n t e g r a t i o n  of t h e  NASS and NEDS d a t a  
c o l l e c t i o n  a c t i v i t i e s  might n o t  work o u t  w e l l  i n  p r a c t i c e .  Perhaps 
t h e r e  would be a tendency t o  s l i g h t  one o r  t h e  o t h e r  program r e s u l t i n g  
i n  poorer  d a t a  q u a l i t y  f o r  both.  Perhaps some persons  who a r e  e f f e c t i v e  
team a d m i n i s t r a t o r s  f o r  NASS would no t  b e  a b l e  t o  s a t i s f a c t o r i l y  t a k e  on 
t h e  a d d i t i o n a l  NEDS r e s p o n s i b i l i t i e s .  C e r t a i n l y  c l o s e  planning and 
s u p e r v i s i o n  of t h e  l o c a l  NEDS a c t i v i t i e s  by survey r e s e a r c h  s p e c i a l i s t s  
a t  NHTSA o r  i n  a  c o n t r a c t i n g  survey o r g a n i z a t i o n  would be requ i red .  
NEDS d a t a  q u a l i t y  would probably  vary  more from PSU t o  PSU i n  such a 
l o c a l  d e c e n t r a l i z e d  approach than i n  a  n a t i o n a l  s i n g l e - c o n t r a c t o r  
approach. Also, i f  an in-person household sample were requ i red ,  t h e  
l o c a l  teams would have t o  be  taught  p resc r ibed  procedures f o r  developing 
sample frames and s e l e c t i o n  t echn iques ,  whi le  e x i s t i n g  survey 
o r g a n i z a t i o n s  should a l r e a d y  have such sampling s k i l l s .  
Thus f o r  a household survey i t  i s  d i f f i c u l t  t o  o b j e c t i v e l y  
determine which approach would be t h e  most c o s t - e f f e c t i v e  i n  terms of 
c o s t  and d a t a  q u a l i t y .  For a roads ide  survey t h e  l o c a l  i n t e g r a t e d  
approach seems probably b e s t .  I t  seems u n l i k e l y  t h a t  t h e  Census Bureau 
would want t o  g e t  involved i n  t h i s  k ind of su rvey ,  and i t  i s  doubt fu l  
t h a t  o t h e r  n a t i o n a l  survey o r g a n i z a t i o n s  would be i n t e r e s t e d  e i t h e r .  
Since  t h e  r o a d s i d e  survey per iods  would be s c a t t e r e d  s p o r a d i c a l l y  
throughout t h e  y e a r  i n  each PSU, t h e  l o c a l  SASS team could provide a 
poo l  of personnel  f o r  s h a r i n g  t h e  roads ide  survey t a s k  wi th  i t s  odd 
hours  of work. The l o c a l  team would a l s o  have e s t a b l i s h e d  r e l a t i o n s h i p s  
w i t h  t h e  l o c a l  p o l i c e ,  road and t r a f f i c  a u t h o r i t i e s ,  e t c . ,  which would 
g r e a t l y  f a c i l i t a t e  t h e  conduct of t h e  r o a d s i d e  surveys .  Of course  t h e r e  
would s t i l l  need t o  be  c o n s i d e r a b l e  o u t s i d e  a s s i s t a n c e  and monitoring i n  
t h e  development of t h e  l o c a l  sample des ign  and of t h e  opera t ing  
procedures f o r  t h e  roads ide  surveys.  
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3.7 Sample S i z e  and NEDS Cos t s  
The NEDS d e s i g n  c o n t r a c t  c a l l s  f o r  t h e  development of  NEDS p l a n s  a t  
t h r e e  t o t a l  a n n u a l  c o s t  l e v e l s :  $1,500,000;  $1,000,000;  and S500,OOO. 
It i s  d i f f i c u l t  t o  e s t i m a t e  how many households  o r  d r i v e r s  cou ld  be  
sampled a t  each  c o s t  l e v e l  by t h e  d i f f e r e n t  su rvey  approaches .  The 
Census Bureau's 1977-78 NPTS u s i n g  a n  in-person  s i m p l e - r e c a l l  approach 
w i t h  in-person  o r  t e l e p h o n e  fol low-ups t o  a b s e n t  household  members c o s t  
o v e r  $1,500,000 f o r  a  completed sample of a b o u t  20,000 househo lds  
c o n t a i n i n g  a b o u t  36,000 d r i v e r s .  I n  1979 d o l l a r s  t h e  Census Bureau 
might b e  a b l e  t o  r e p e a t  such  a s u r v e y  i n  17,000;  10,000; and 4,000 
househo lds  r e s p e c t i v e l y  a t  t h e  t h r e e  c o s t  l e v e l s .  The re  a r e  
approx ima te ly  1.8 d r i v e r s  p e r  househo ld ,  s o  t h e  rough e s t i m a t e s  o f  t h e  
numbers of households  and d r i v e r s  which might  b e  sampled,  depending on 
t h e  p a r t i c u l a r  NEDS d e s i g n  and i t s  c o s t  a r e  a s  f o l l o w s :  
................................................................ 
Cost  Households D r i v e r s  ............................................................... 
Examples of t h e  r e l a t i v e  p r e c i s i o n  of sample e s t i m a t e s  of  a  mean 
v a l u e  f o r  t h r e e  d i f f e r e n t  s t a n d a r d  d e v i a t i o n s ,  s i x  d i f f e r e n t  t o t a l  
sample s i z e s ,  and f i v e  d i f f e r e n t  d e s i g n  e f f e c t s  a r e  g i v e n  i n  Tab le  3.1 
below. The d e s i g n  e f f e c t  (Def f )  i s  a n  i n d i c a t o r  o f  how rouch a n a t i o n a l  
c l u s t e r e d  sample d e s i g n  v a r i e s  from a n a t i o n a l  s i m p l e  random sample of  
a l l  d r i v e r s .  The more geograph ic  v a r i a t i o n  t h e r e  is i n  t h e  d i s t r i b u t i o n  
of  a  d a t a  e lement  and t h e  s m a l l e r  t h e  number of  PSUs t h e  g r e a t e r  t h e  
sample d e s i g n  e f f e c t  on t h e  v a r i a n c e  of t h a t  e lement .  S t r a t i f y i n g  t h e  
PSU s e l e c t i o n  on r e l e v a n t  v a r i a b l e s  can  somewhat c o u n t e r b a l a n c e  t h e  
e f f e c t  of c l u s t e r i n g  sample c a s e s  w i t h i n  a  r e l a t i v e l y  s m a l l  number of  
geograph ic  a r e a s ,  b u t  most n a t i o n a l  samples of PSUs have a d e s i g n  e f f e c t  
g r e a t e r  t h a n  1.0 f o r  most su rvey  v a r i a b l e s .  The on ly  r e f e r e n c e  t o  
sample d e s i g n  e f f e c t s  found among a l l  t h e  s t u d i e s  reviewed i n  S e c t i o n  2 
showed r anges  i n  Deff  from 2.45 t o  3.69 f o r  six t r i p  pu rposes ,  from 1 .27  
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t o  3.30 f o r  six d e s t i n a t i o n  l and  u s e s ,  and from 2.78 t o  3.93 f o r  f i v e  
t r a v e l  modes i n  a 1962 household survey i n  Buffa lo  (Creighton,  Hamburg, 
1971), bu t  no in format ion  on t h e  number of c l u s t e r s  and t h e  average 
c l u s t e r  s i z e  i s  provided.  
Table 3.1 + 
Two-Sigma Confidence L imi t s  f o r  a Mean 
(Such a s  Da i ly  T r i p s  per  D r i v e r )  f o r  D i f f e r e n t  
Standard Devia t ions ,  Sample S i z e s ,  and Design E f f e c t s  
----.------------------.--------------------------------------------- 
T o t a l  I I 1 I Sample Design E f f e c t  
Sample I I Standard I I- 
S i z e  1 / Devia t ion  ) 1 1.0 1 1.5 1 2.0 1 3.0 1 4.0 
'TWO-sigma conf idence l i m i t s  ( o r  sampling e r r o r s )  i n d i c a t e  t h a t  t h e r e  i s  
a 95% p r o b a b i l i t y  t h a t  t h e  t r u e  popula t ion  mean is w i t h i n  t h e  range 
def ined  by t h e  sample mean p l u s  and minus t h e  conf idence l i m i t .  
How g r e a t  t h e  des ign  e f f e c t  of g a t h e r i n g  NEDS d a t a  i n  t h e  NASS PSUs 
w i l l  be f o r  p a r t i c u l a r  NEDS d a t a  elements i s  impossible  t o  p r e d i c t  i n  
advance. It seems probable  t h a t  t h e r e  is  s u b s t a n t i a l  geographic 
v a r i a t i o n  i n  such a v a r i a b l e  a s  t h e  average number of d a i l y  t r i p s  d r i v e n  
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by l i c e n s e d  d r i v e r s ,  s o  expected  conf idence  l imi ts  a t  l e a s t  i n  t h e  
Deffs2.0 column of  Table  3.1 do n o t  seem unreasonable .  For example, i f  
a  su rvey  of 9 ,000 d r i v e r s  o b t a i n e d  a mean of 4.0 and a s t a n d a r d  
d e v i a t i o n  of 2.0, u s i n g  t h e  Deffz2 .0  column one o b t a i n s  a  con f idence  
l i m i t  of 2.188. T h i s  would be  i n t e r p r e t e d  t o  mean t h a t  t h e r e  is  a 95% 
p r o b a b i l i t y  t h a t  t h e  t r u e  p o p u l a t i o n  mean i s  between 3.812 and 4.188. 
I f  t h e  s t a n d a r d  d e v i a t i o n  was 4.0 i n s t e a d  of 2.0, t h e  conf idence  r ange  
would be  tw ice  a s  g r e a t ,  3.622-4.378. I f  t h e  sample s i z e  were  
quadrupled  t o  36,000 d r i v e r s  and t h e  s t a n d a r d  d e v i a t i o n  were s t i l l  2.0, 
t h e  conf idence  r ange  would be ha lved  t o  3.905-4.905. Thus f o r  mean 
v a l u e s  t h e  g r e a t e r  t h e  d i s p e r s i o n  o f  i n d i v i d u a l  means w i t h i n  t h e  sample 
t h e  l a r g e r  t h e  conf idence  limits on t h e  o v e r a l l  sample mean. 
Tab le  3.1 i l l u s t r a t e s  t h e  f a c t  t h a t  t h e  s t a t i s t i c a l  p r e c i s i o n  of a  
mean i s  d i r e c t l y  r e l a t e d  t o  t h e  s q u a r e  r o o t  of t h e  sample s i z e  and 
i n v e r s e l y  r e l a t e d  t o  t h e  s q u a r e  r o o t  of t h e  d e s i g n  e f f e c t .  Thus, i f  i n  
t h e  p r o c e s s  of  i n c r e a s i n g  t h e  sample s i z e  from 9,000 t o  36,000 one  a l s o  
i n c r e a s e d  t h e  d e s i g n  e f f e c t  from 1.0 t o  4.0, t h e  n e t  e f f e c t  on t h e  
s t a t i s t i c a l  p r e c i s i o n  of a  g i v e n  mean w i t h  a  g i v e n  s t a n d a r d  d e v i a t i o n  
would be ze ro ,  and i t  would c l e a r l y  n o t  b e  worth t h e  a d d i t i o n a l  d a t a  
c o l l e c t i o n  and a n a l y s i s  c o s t s .  Of c o u r s e  t h i s  i l l u s t r a t i o n  i s  somewhat 
f a r - f e t c h e d ,  and i n  g e n e r a l  one would expec t  t o  b e  a b l e  t o  o b t a i n  
g r e a t e r  s t a t i s t i c a l  p r e c i s i o n  by sampling more d r i v e r s .  
It is  even more d i f f i c u l t  t o  e s t i m a t e  t h e  numbers of  t r i p s  which 
cou ld  be  sampled a t  v a r i o u s  t o t a l  c o s t s  by r o a d s i d e  su rvey  methods 
because  of u n c e r t a i n t i e s  abou t  equipment and o t h e r  o p e r a t i o n a l  c o s t s  of  
such  a survey .  I f  t h e  number of d a i l y  d r i v i n g  t r i p s  pe r  household  
ave rages  abou t  f i v e ,  t h e n  i t  would r e q u i r e  f i v e  times a s  many r o a d s i d e  
r e sponden t s  a s  households  t o  o b t a i n  d a t a  on comparable numbers of  t r i p s  
(assuming a s i n g l e  T r a v e l  Day f o r  t h e  household s u r v e y ) .  But whether  
c o l l e c t i n g  t h e s e  t r i p  d a t a  would c o s t  more o r  l e s s  by r o a d s i d e  su rvey  
t h a n  by household  i n t e r v i e w  i s  v e r y  d i f f i c u l t  t o  judge a t  t h i s  s t a g e  of 
p 1 anning . 
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4. FEATURES OF THE RECOMMENDED NEDS DESIGN 
Based on the considerat ions discussed i n  Section 3 ,  HSRI s t a f f  have 
a r r ived  a t  a number of recommended f ea tu re s  of a design f o r  a National 
Exposure Data System. Bowever, f o r  some aspects  of the design there  i s  
i n s u f f i c i e n t  information cu r ren t ly  ava i l ab l e ,  and a program of e s s e n t i a l  
methodological research i s  required i n  order  t o  complete the design 
recommendations. This program i s  discussed i n  d e t a i l  i n  Section 5. 
Primary Saw l i n g  Areas 
Here the choice seems f a i r l y  c l ea r .  S t a t i s t i c a l  considerat ions 
tend to  support the value of implementing NEDS i n  the same PSUs se lec ted  
f o r  the National Accident Sampling System. Since the chief purpose of 
NASS i s  t o  develop accident  r a t e s  with a known variance,  i t  i s  des i r ab l e  
s t a t i s t i c a l l y  f o r  the  accident  and exposure da t a  to  be based on the same 
sample design, so t h a t  the covariance terms can be included i n  the 
variance ca lcu la t ions .  Since pos i t i ve  co r r e l a t ions  a r e  expected between 
exposure and accident  va r i ab l e s ,  i t  i s  des i r ab l e  t h a t  a sample design 
be u t i l i z e d  f o r  NEDS which permits the use of the covariance terms i n  
t he  ca l cu la t ion  of var iances and sampling e r r o r s ,  even though other  
sample designs with l a r g e r  numbers of PSUs could probably produce more 
prec ise  exposure data  alone. Also the  need f o r  conducting per iodic  
household surveys concerning reported and non-reported accidents  i n  the  
NASS PSUs and the  p o t e n t i a l  cost e f f i c i e n c i e s  of i n t eg ra t ing  these 
surveys with a NEDS household exposure survey provide an addi t iona l  
advantage to  using the  NASS PSUs f o r  NEDS. 
Novemb e r  19 7  8 RECOMMENDED FEATURES 
4.2 Sampling Elements Sources 
A s  d iscussed i n  Sec t ion  3.4, i n  many ways a  roads ide  t r i p - i n -  
p rocess  survey of d r i v e r - v e h i c l e  combinations seems l i k e  an i d e a l  
mechanism f o r  c o l l e c t i n g  a  maximum number of d a t a  elements of i n t e r e s t ,  
e s p e c i a l l y  i n  t h e  environmental  a r e a .  Unfor tuna te ly ,  however, i t  j u s t  
does not  seem p r a c t i c a l  from s a f e t y  and p r ivacy  c o n s i d e r a t i o n s  t o  
conduct such a  survey on a l l  types  of roads a t  a l l  t imes of day and 
n i g h t ,  a s  would be requ i red  f o r  a  t r u l y  r e p r e s e n t a t i v e  NEDS program. In 
s p i t e  of some s u c c e s s f u l  r o a d s i d e  i n t e r r i e w  surveys  on some freeways,  i t  
does no t  seem reasonable  from a  s a f e t y  and t r a f f i c  eng ineer ing  p o i n t  of 
view t o  recommend a  r o a d s i d e  i n t e r v i e w  survey.  And t h e  non- 
a c c e s s i b i l i t y  of v e h i c l e  r e g i s t r a t i o n  f i l e s  i n  a  number of s t a t e s  due t o  
p r ivacy  laws p rec ludes  recommending a  l i c e n s e  p l a t e  matching survey wi th  
te lephone/mai l  follow-ups. 
Consequently, i t  i s  recommended t h a t  a  household p a s t - t r i p  survey 
of l i c e n s e d  d r i v e r s  con tac ted  a t  t h e i r  r e s i d e n c e s  should be t h e  b a s i c  
mechanism f o r  t h e  NEDS program. Sampling d r i v e r s  a t  t h e i r  r es idences  
seems more e f f i c i e n t  than sampling v e h i c l e s  a t  t h e i r  owner's l o c a t i o n s  
because d r i v e r s  a r e  found i n  q u i t e  smal l  c l u s t e r s  i n  households,  whi le  
many commercial and governmental v e h i c l e s  a r e  h e a v i l y  c l u s t e r e d  a t  a  
s m a l l  number of l o c a t i o n s ,  and d i f f e r e n t  samples of l o c a t i o n s  chosen on 
an equa l -p robab i l i ty  b a s i s  might come up wi th  q u i t e  d i f f e r e n t  sample 
s i z e s .  
A s  a  source  f a r  t h e  l i c e n s e d  d r i v e r s  sample e i t h e r  l i s t i n g s  of 
r e s i d e n t i a l  addresses  o r  of r e s i d e n t i a l  te lephone numbers may b e  used,  
depending on t h e  f u t u r e  d e c i s i o n  ss t o  t h e  most c o s t - e f f e c t i v e  d a t a  
c o l l e c t i o n  method. A s  i n d i c a t e d  i n  S e c t i o n  3.3, sampling from s t a t e  
d r i v e r  l i c e n s e  f i l e s  does n o t  seem f e a s i b l e  i n  a l l  s t a t e s  and thus  t h i s  
sampling source  is r e j e c t e d .  
%%ether t o  i n t e r v i e w  a l l  d r i v e r s  i n  a  s e l e c t e d  household o r  t o  
randomly s e l e c t  a  s i n g l e  d r i v e r  p e r  household i s  a  d e c i s i o n  t h a t  
r e q u i r e s  f u r t h e r  in fo rmat ion  from t h e  1977-1978 Nationwide Persona l  
T r a n s p o r t a t i o n  Survey d a t a  on t h e  sample des ign  e f f e c t s  o f  c l u s t e r i n g  by 
household. T5 is  necessa ry  a d d i t i o n a l  r esea rch  i s  discussed i n  Sec t ion  
5.3. 
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4.3 Data C o l l e c t i o n  Procedures  
As i n d i c a t e d  above, a household survey of d r i v e r s  i s  t h e  
recommended survey mechanism. However, t h e r e  is  i n s u f f i c i e n t  
informat ion a v a i l a b l e  from p a s t  s t u d i e s  t o  determine t h e  s i n g l e  most 
c o s t - e f f e c t i v e  method t o  c o l l e c t  t h e  r e q u i s i t e  t r a v e l  d a t a  i n  a 
household survey.  Consequently, a  program of f u r t h e r  r e sea rch  necessa ry  
f o r  t h i s  d e c i s i o n  i s  o u t l i n e d  i n  Sec t ion  5. 
4.4 Data Elements 
A s  p rev ious ly  d i scussed ,  t h e r e  a r e  a m u l t i t u d e  of d a t a  elements of 
p o t e n t i a l  i n t e r e s t  f o r  i n c l u s i o n  i n  t h e  NEDS survey,  b u t  i t  i s  obviously  
n o t  p r a c t i c a l  t o  i n c l u d e  them a l l  i n  a household survey. Thus t h e  
recommended d a t a  elements a r e  a s  fo l lows:  
1. Age, sex ,  and r e l a t i o n s h i p  t o  household head f o r  each household 
member. 
2 .  Driver  educat ion,  y e a r s  of d r i v i n g  exper ience ,  p h y s i c a l  
handicaps and l i c e n s e  r e s t r i c t i o n s ,  e s t ima ted  annual mileage,  
and acc iden t  exper ience  i n  t h e  previous  t h r e e  months f o r  each 
responding d r i v e r .  
3 .  Fake, model, y e a r ,  body type ,  month of purchase i f  purchased 
new, occupant p r o t e c t i o n  dev ices ,  and c u r r e n t  odometer reading 
f o r  each household motor v e h i c l e .  
4.  For each t r i p  d r i v e n  on a predes ignated Trave l  Day t h e  o r i g i n ,  
d e s t i n a t i o n ,  and purpose;  d i s t a n c e  (beginning and ending 
odometer readings  i f  p o s s i b l e ) ;  beginning and ending t ime;  
l i g h t  cond i t ion ;  road mois tu re  cond i t ion ;  v e h i c l e  make, model, 
y e a r ,  body type,  and occupant p r o t e c t i o n  dev ices ;  d i s t a n c e  by 
major road type ( r u r a l  freeway, r u r a l  road,  urban freeway, 
urban s t r e e t ) ;  d r i v e r  s e a t  b e l t  use;  age ,  sex ,  r e l a t i o n s h i p  t o  
d r i v e r ,  and s e a t i n g  l o c a t i o n  of o t h e r  occupants.  
The above recommended d a t a  elements inc lude  the  b a s i c  d a t a  elements 
suggested by t h e  Symposium on Driving Exposure ( C a r r o l l ,  1973),  and a l l  
b u t  f i v e  of them a r e  included i n  t h e  p r e s e n t  NASS d a t a  elements.  These 
f i v e  a re :  r e l a t i o n s h i p  of household members and d r i v e r s  t o  household 
head, which seems e s s e n t i a l  f o r  understanding household v e h i c l e  use 
p a t t e r n s ;  p h y s i c a l  handicaps,  which seems t o  be an important  v a r i a b l e  
about which exposure informat ion i s  c u r r e n t l y  l ack ing ;  a c c i d e n t  
exper ience  i n  the  previous  t h r e e  months, which i s  d a t a  needed by NASS 
from a sample of households i n  t h e  NASS PSUs i n  o rde r  t o  a d j u s t  i t s  
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acc iden t  d a t a  f o r  non-reported a c c i d e n t s ;  month of purchase of new 
v e h i c l e s ,  which i n  con junc t ion  wi th  t h e  c u r r e n t  odometer reading can 
provide u s e f u l  informat ion on average monthly mileage f o r  one-owner 
v e h i c l e s ;  and passenger r e l a t i o n s h i p  t o  d r i v e r ,  which should be u s e f u l  
f o r  b e t t e r  understanding of v e h i c l e  occupancy p a t t e r n s .  It should a l s o  
be  noted t h a t  two NASS d r i v e r  d a t a  e lements ,  months of d r i v i n g  
exper ience and annual mileage,  r e f e r  t o  t h e  c l a s s  of t h e  v e h i c l e  i n  t h e  
a c c i d e n t ,  whi le  i n  a  NEDS survey d r i v i n g  exper ience and annual mileage 
would probably n o t  b e  c l a s s i f i e d  by v e h i c l e  type. 
Obviously one can f i n d  good r a t i o n a l e s  f o r  inc lud ing  o t h e r  d a t a  
elements,  such a s  d r i v e r  socio-economic and s i z e  c h a r a c t e r i s t i c s ,  
v e h i c l e  towed u n i t  and cargo v a r i a b l e s ,  e t c . ,  and t h e  above 
recommendations should no t  be  considered f rozen.  I t  i s  hoped t h a t  they 
s t r i k e  a  reasonable  balance between t h e  need t o  o b t a i n  a s  much u s e f u l  
d a t a  as  p o s s i b l e  and t h e  need f o r  a  v i a b l e  q u e s t i o n n a i r e  which does n o t  
overburden t h e  respondent o r  t h e  in te rv iewer .  Indeed i t  may a l ready  be  
asking a  b i t  much t o  o b t a i n  d r i v e r  s e a t  b e l t  use and passenger age and 
s e x  f o r  each repor ted  t r i p ,  al though i d e a l l y  one would l i k e  t o  extend 
those  v a r i a b l e s  t o  ob ta in ing  s e a t  b e l t  use f o r  each passenger a l s o .  
It is  recommended t h a t  t h e  NEDS household survey program be made a  
cont inuing year-round and year-to-year a c t i v i t y  t o  represen t  equa l ly  a l l  
seven days of t h e  week and a l l  twelve months of t h e  year .  Th i s  i s  
d e s i r a b l e  f o r  t h e  accuracy of t h e  acc iden t  r a t e s  (accident /exposure  
r a t i o s ) ,  s i n c e  t h e  main NASS d a t a  w i l l  be c o l l e c t e d  cont inuously  i n  t h e  
Continuous Sampling System (CSS). It is  a l s o  d e s i r a b l e  from t h e  p o i n t  
of view of t r end  a n a l y s i s  of American d r i v i n g  behavior.  With an on- 
going NE3S survey a l ready  i n  p l a c e  i t  would be p o s s i b l e  t o  measure t h e  
impact of such e x t e r n a l  even t s  a s  t h e  1974 o i l  embargo wi th  much g r e a t e r  
p r e c i s i o n  than was p o s s i b l e  a t  t h a t  time. 
I f ,  because of f i n a n c i a l  c o n s t r a i n t s ,  one had t o  choose between, 
f o r  example, year-long surveys  every two years  and six-month surveys 
every year ,  t h e  year-long survey appears t h e  p r e f e r a b l e  choice  so t h a t  
seasona l  v a r i a t i o n s  i n  t r a v e l  behavior  would be taken i n t o  account.  
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However, a  t h i r d  a l t e r n a t i v e ,  ha lv ing  t h e  sample s i z e  of t h e  year-long 
survey so t h a t  i t  could be c a r r i e d  ou t  b o t h  y e a r s ,  would seem even more 
d e s i r a b l e  i f  i t  could be done f o r  t h e  same c o s t .  I n  f a c t ,  i n  a  
cont inuing survey t h e r e  is  nothing sac rosanc t  about s i n g l e  y e a r s ,  and 
one could aggrega te  exposure d a t a  over s e v e r a l  yea rs  f o r  more p r e c i s e  
and d e t a i l e d  a n a l y s i s  of c e r t a i n  v a r i a b l e s .  
4.6 Survey Adminis t ra t ion 
It i s  recommended t h a t ,  i f  f e a s i b l e  and not  t o o  expensive,  t h e  NEDS 
survey program be made an i n t e g r a l  p a r t  of t h e  Census Bureau's on-going 
program of sample surveys ,  such a s  t h e  Current  Popula t ion  Survey, t h e  
Annual Housing Survey, t h e  Heal th  In te rv iew Survey, e t c .  While t h e  use  
of o t h e r  n a t i o n a l  survey o r g a n i z a t i o n s  o r  of e x i s t i n g  l o c a l  NASS 
c o n t r a c t o r s  a r e  a l t e r n a t i v e s  which s t i l l  might be  worth exp lor ing  
f u r t h e r ,  i t  appears t h a t  t h e  Census Bureau has  an advantage i n  terms of 
expected q u a l i t y  of d a t a  and l e a s t  t r o u b l e  t o  NRTSA. No o t h e r  survey 
o r g a n i z a t i o n  i s  a b l e  t o  o b t a i n  a s  h igh coopera t ion  r a t e s  from t h e  
American people a s  t h e  Census Bureau, and a s  a  continuous f e d e r a l  
government survey i t  seem; l o g i c a l  t o  l o c a t e  t h e  NEDS survey i n  t h e  
f e d e r a l  agency which has  conducted two Nationwide Persona l  
T r a n s p o r t a t i o n  Surveys, which has  t h e  g r e a t e s t  exper ience i n  household 
sampling and i n  t r a i n i n g  and superv i s ing  in te rv iewers  i n  n a t i o n a l  
household in te rv iew surveys ,  and which has  a  nationwide survey s t a f f  
a v a i l a b l e  f o r  in tenr iewing  i n  t h e  NASS PSUs. 
4.7 Sample S ize  and Costs 
Recommendations concerning t h e  t o t a l  sample s i z e  c o l l e c t i b l e  a t  
v a r i o u s  c o s t  l e v e l s  must a l s o  w a i t  u n t i l  t h e  completion of t h e  proposed 
e s s e n t i a l  f u r t h e r  resea rch  on t h e  most c o s t - e f f e c t i v e  d a t a  c o l l e c t i o n  
method and on household c l u s t e r i n g  of d r i v e r s .  
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5. ESSENTIAL FURTHER RESEARCH 
Before completing t h e  recommended des igns  of an on-going NEDS 
program a t  t h r e e  c o s t  l e v e l s  i t  i s  e s s e n t i a l  t h a t  f u r t h e r  methodological  
r e s e a r c h  be  c a r r i e d  out concerning t h e  most c o s t - e f f e c t i v e  approach t o  
ob ta in ing  high q u a l i t y  t r i p  r e p o r t s  from s e l e c t e d  household d r i v e r s .  
Among t h e  c r i t e r i a  f o r  eva lua t ing  d i f f e r e n t  d a t a  c o l l e c t i o n  methods a r e :  
(1) completeness of r e p o r t i n g  a l l  t r i p s ,  ( 2 )  accuracy of r e p o r t i n g  t r i p  
d i s t a n c e  ( t h e  key dependent v a r i a b l e ) ,  ( 3 )  t h e  completeness of r e p o r t i n g  
o t h e r  t r i p  v a r i a b l e s ,  ( 4 )  t h e  degree  of s a t i s f a c t o r y  p a r t i c i p a t i o n  by 
s e l e c t e d  respondents  ( t h e  response r a t e ) ,  and (5 )  t h e  u n i t  c o s t  per  
respondent o r  household o r  t r i p .  Among t h e  d a t a  c o l l e c t i o n  procedures 
which need t o  be  eva lua ted  a r e :  ( I ) '  p r i o r  informat ion as  t o  t h e  
des ignated t r i p  r e p o r t i n g  per iod ,  ( 2 )  use of t r i p  record forms, ( 3 )  
t e l ephone  versus  in-person in te rv iewing ,  ( 4 )  l e n g t h  of t r i p  r e p o r t i n g  
p e r i o d ,  ( 5 )  use  of maps t o  i n d i c a t e  t r i p  r o u t e s ,  and ( 6 )  t h e  use of 
compensation f o r  p a r t i c i p a t i o n .  
I d e d l l y  any methodological  r esea rch  comparing d i f f e r e n t  d a t a  
c o l l e c t i o n  methods would inc lude  a means of v a l i d a t i n g  t h e  completeness 
of t r i p  r e p o r t i n g  by each method. However, only a few methods seem 
amenable t o  any kind of t r i p  r e p o r t i n g  v a l i d a t i o n  procedure,  s h o r t  of an 
impossibly  expensive program of unobtrus ive  respondent s u r v e i l l a n c e  on 
t h e  des ignated Trave l  Day. Even v e h i c l e  ins t rumenta t ion ,  i f  f e a s i b l e  
t e c h n i c a l l y ,  would n o t  be  s a t i s f a c t o r y  f o r  v a l i d a t i n g  t r i p  r e c a l l  
because undoubtedly t h e  f a c t  of i n s t a l l a t i o n  of t h e  ins t rument  i n  t h e  
respondent 's  v e h i c l e  would i t s e l f  i n f l u e n c e  t h e  respondent 's  a b i l i t y  and 
e f f o r t  t o  r e c a l l  a l l  h i s l h e r  t r i p s  -- u n l e s s  h e l s h e  were unaware of t h i s  
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i n s t a l l a t i o n .  Thus t h e  fol lowing proposed program of resea rch  i s  a  two- 
s t a g e  one wi th  two major components: a  Va l ida t ion  Study of t h r e e  d a t a  
c o l l e c t i o n  procedures and a  Comparative Study of e i g h t  d a t a  c o l l e c t i o n  
procedures.  The l a t t e r  s tudy  w i l l  use  mean number of repor ted  t r i p s  a s  
a  s i g n i f i c a n t  e v a l u a t i o n  c r i t e r i o n ,  bu t  i t  w i l l  not  inc lude  any a c t u a l  
v a l i d a t i o n  procedures f o r  t h e  repor ted  t r i p s .  Based on t h e  few 
v a l i d a t i o n  s t u d i e s  repor ted  i n  Sec t ion  2,  i t  i s  assumed t h a t  t r i p  
underrepor t ing i s  much more l i k e l y  than t r i p  over repor t ing  and t h a t  
t h e r e f o r e  t h e  procedure ob ta in ing  s i g n i f i c a n t l y  more repor ted t r i p s  than 
o t h e r  methods i s  t h e  most e f f e c t i v e .  
The Val ida t ion  Study -
I n  t h e  absence of any r o u t i n e  records  of t r i p s  d r iven ,  t h e r e  
appears  t o  be only one reasonable  way of v a l i d a t i n g  t h e  accuracy of t r i p  
r e c a l l  i n  an in te rv iew.  Th is  invo lves  ( I )  observing t h e  l i c e n s e  p l a t e  
of a  v e h i c l e  i n  use a t  a  c e r t a i n  t ime on a  c e r t a i n  day; (2) t r a c i n g  t h e  
owner's name and address  from s t a t e  r e g i s t r a t i o n  f i l e s ;  ( 3 )  con tac t ing  
h i s / h e r  household soon a f t e r  t h e  observed v e h i c l e  use  (hopeful ly  t h e  
next  day) i n  order  t o  o b t a i n  t r i p  r e p o r t 9  f o r  a l l  household d r i v e r s  f o r  
t h e  day of observed use ;  and ( 4 )  determining i f  t h e  observed t r i p  was 
a c t u a l l y  r e c a l l e d  i n  t h e  in te rv iew.  
There seem t o  be  two choices  a s  t o  t h e  types  of l o c a t i o n s  where t h e  
observed v e h i c l e s  would be  s e l e c t e d ,  e i t h e r  on t h e  s t r e e t s  i n  t r a n s i t  o r  
a t  t r i p  endpoints  parked o r  stopped t o  pick up o r  d ischarge passengers.  
The l a t t e r  approach t o  v e h i c l e  s e l e c t i o n  seems p r e f e r a b l e  because i t  
permits  s e l e c t i o n . o f  v e h i c l e s  i n  r e l a t i o n  t o  a  presumed t r i p  purpose, 
and thus  one could t e s t  whether t h e r e  a r e  d i f f e r e n c e s  i n  t r i p  r e c a l l  f o r  
d i f f e r e n t  types  of t r i p s .  Among t h e  suggested s e l e c t i o n  l o c a t i o n s  a r e  
shopping c e n t e r s ,  employer parking l o t s ,  r e s t a u r a n t  parking l o t s ,  b a r  
parking l o t s ,  school  and r e c r e a t i o n  c e n t e r  parking l o t s  and pick-up 
p o i n t s ,  church parking l o t s ,  and movie t h e a t e r  parking l o t s .  
One would expect t h a t  among t h e  f a c t o r s  a f f e c t i n g  t r i p  r e c a l l  a r e  
l eng th ,  r e g u l a r i t y ,  unusualness,  and s a l i e n c e  of t h e  t r i p  purpose. The 
r e g u l a r  t r i p  t o  work i s  r a r e l y  l i k e l y  t o  be f o r g o t t e n ,  nor  i s  t h e  long- 
d i s t a n c e  business  o r  vaca t ion  t r i p ,  whi le  a t r i p  which i s  common bu t  no t  
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r e g u l a r l y  scheduled,  such a s  a t r i p  t o  t h e  pos t  o f f i c e  o r  t o  t h e  g rocery  
s t o r e ,  may n o t  b e  r e c a l l e d  e a s i l y .  There may a l s o  b e  a problem with  
some s e n s i t i v e  types  of t r i p s  which t h e  respondent may choose n o t  t o  
r e p o r t  even though he/she r e c a l l s  them q u i t e  r e a d i l y .  T r i p s  t o  a r a c e  
t r a c k ,  b a r ,  x-rated movie, massage p a r l o r ,  lover ' s  l a n e ,  Alcohol ics  
Anonymous meeting, e t c .  come t o  mind. It would be u s e f u l  t o  c a r r y  ou t  
some p r e t e s t i n g  among v a r i o u s  groups concerning t h e  s e n s i t i v i t y  and 
s a l i e n c e  of d i f f e r e n t  types  of t r i p s  b e f o r e  deciding e x a c t l y  which types  
of t r i p  purposes t o  i n c l u d e  i n  t h e  V a l i d a t i o n  Study sample. 
It is  proposed t o  conduct t h e  V a l i d a t i o n  Study i n  one a r e a  of one 
s t a t e  over  a ten-week per iod.  A t o t a l  of 1050 observed v e h i c l e s  would 
be s e l e c t e d  a t  a r a t e  of 15 p e r  day. Vehicles  would be s e l e c t e d  i n  
groups of t h r e e  and randomly ass igned t o  each of t h e  t h r e e  methods 
groups. A f t e r  e l i m i n a t i n g  un t raceab le  and out-of-the-area v e h i c l e s  and 
a l lowing f o r  normal nonresponse,  t h e r e  should be about 250 households 
in terviewed i n  each of t h e  t h r e e  groups. Depending on t h e  magnitude of 
t h e  non-reporting problem, d i f f e r e n c e s  among t h e  t h r e e  groups of 2-9X i n  
t h e  r a t e  of r e p o r t i n g  of t h e  observed t r i p s  would be s t a t i s t i c a l l y  
s i g n i f i c a n t  a t  a 95% l e v e l  of confidence.  Th is  i s  demonstrated i n  Table 
5.1 which i n d i c a t e s  t h e  d i f f e r e n c e  i n  p e r  c e n t  of c o r r e c t l y  r e p o r t e d  
t r i p s  which would be necessa ry  f o r  s t a t i s t i c a l  s i g n i f i c a n c e ,  depending 
on t h e  magnitude of c o r r e c t  r e p o r t i n g  i n  one group. 
The t h r e e  s e t s  of procedures t o  be compared i n  t h e  Va l ida t ion  Study 
a r e :  
V1.  S tandard in-person home in te rv iew a s  conducted by t h e  Census 
Bureau i n  t h e  1977-1978 Nationwide Personal  T r a n s p o r t a t i o n  
Survey, except t h a t  t h e r e  would n o t  be  time t o  send a 
respondent l e t t e r .  The te lephone could be used t o  schedule  a 
home v i s i t  and t o  c o n t a c t  members of t h e  household who were 
no t  home a t  t h e  time of t h e  v i s i t .  
S p e c i a l  in-person home in te rv iew using a d e t a i l e d  probing 
technique a s  developed wi th  t h e  h e l p  of t h e  Interviewing 
Methodology Sec t ion  of t h e  Univers i ty  of Michigan I n s t i t u t e  
f o r  S o c i a l  Research (ISR). This would r e q u i r e  a somewhat 
longer  in te rv iew a s  respondents  were helped t o  r e c a l l  a l l  of 
t h e i r  a c t i v i t i e s  on t h e  day i n  ques t ion ,  inc lud ing  of course  
a l l  t r a v e l  o u t s i d e  t h e  home. A s  i n  V 1 ,  t h e r e  would be  no 
respondent l e t t e r  and t h e  te lephone could be used f o r  
schedul ing home v i s i t s  and f o r  follow-ups of absent  household 
d r i v e r s  . 
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Tab le  5.1 Minimum S t a t i s t i c a l l y  S i g n i f i c a n t  Group 
D i f f e r e n c e s  i n  C o r r e c t  Repor t ing  of Observed T r i p s  i n  
R e l a t i o n  t.o Magnitude of  C o r r e c t  Repor t ing  i n  One Group 
............................................................. 
Minimum S t a t i s t i c a l l y  S i g n i f i c a n t  
Per  Cent C o r r e c t  D i f f e r e n c e  i n  C o r r e c t  Repor t ing  
i n  F i r s t  Group Between Croups ............................................................ 
V3. S p e c i a l  t e l e p h o n e  i n t e r v i e w  u s i n g  t h e  same d e t a i l e d  p rob ing  
t e c h n i q u e s  a s  Method V2. Only sample households  which have a 
l i s t e d  t e l e p h o n e  number would be  i n c l u d e d ,  and V 1  and V2 
r e sponden t s  would b e  asked i f  t h e y  had a l i s t e d  t e l e p h o n e  
number i n  t h e  name of t h e  sampled v e h i c l e ' s  owner i n  o r d e r  t o  
p e r m i t  d i r e c t  comparison among t h e  t h r e e  subsamples.  
An a d d i t i o n a l  p rocedure  which would b e  s t u d i e d  i n  t h e  V a l i d a t i o n  
Study i s  t h e  u s e  of maps. A t  t h e  end of t h e  r e g u l a r  i n t e r v i e w  h a l f  of 
t h e  V 1  and V 2  samples would b e  asked t o  t r a c e  a l l  of t h e i r  r e p o r t e d  
t r i p s  on d e t a i l e d  maps. Any a d d i t i o n a l  t r i p s  r e c a l l e d  d u r i n g  t h e  
mapping p rocedures  would be i n d i c a t e d  a c c o r d i n g l y .  
The fo l lowing  ty?es  of  v a l u a b l e  i n f o r m a t i o n  would be  l e a r n e d  from 
t h e  V a l i d a t i o n  Study:  
1. The g e n e r a l  magnitude of t r i p  u n d e r r e p o r t i n g  us ing  t h e  s t a n d a r d  
NPTS "s imple- reca l l"  method. 
2 .  Whether a  s p e c i a l  p rob ing  t e c h n i q u e  can  s i g n i f i c a n t l y  d e c r e a s e  
t h e  amount of u n d e r r e p o r t i n g .  
3. Whether t h e  amount of u n d e r r e p o r t i n g  i s  s i g n i f i c a n t l y  d i f f e r e n t  
i n  t e l e p h o n e  i n t e w i e w s  compared w i t h  in-person  i n t e r v i e w s  
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us ing t h e  same ques t ion ing  techniques .  
4. Comparative i n t e r v i e w  l e n g t h  and. c o s t s  f o r  t h e  s t andard  in -  
person i n t e n i e w  and t h e  s p e c i a l  probing in-person in te rv iew.  
5. Comparative c o s t s ,  response r a t e s ,  and completeness of t r i p  
in format ion  f o r  a te lephone i n t e r v i e w  and a non-clustered in-  
person in te rv iew.  
6. The p r a c t i c a l i t y  and a d d i t i o n a l  c o s t s  of using a mapping 
procedure f o r  a l l  t r i p s .  
7 .  The e x t e n t  t o  which a mapping procedure  a i d s  respondents  i n  
r e c a l l i n g  p rev ious ly  unmentioned t r i p s .  
8- The accuracy of e s t i m a t e s  of t o t a l  t r i p  d i s t a n c e  and d i s t a n c e  
by major road types  a s  checked a g a i n s t  t h e  map t r a c i n g s .  
9. The p o t e n t i a l  u s e f u l n e s s  of a mapping procedure i n  providing 
more d e t a i l e d  in format ion  about road type and o t h e r  
environmental  v a r i a b l e s  of i n t e r e s t .  
It should be  noted t h a t  household respondents  would a l s o  b e  asked 
i f  any household v e h i c l e s  were borrowed by any non-household members on 
t h e  Trave l  Day. This  would avoid c l a s s i f y i n g  a t r i p  a s  non-reported i n  
t h e  r a r e  c a s e  t h a t  i t  might have been made by a non-household member. 
5.2 The Comparative Study 
As a second s t a g e  of methodological  work toward t h e  f i n a l i z a t i o n  of 
t h e  NEDS design,  i t  i s  proposed t h a t  a comparative s tudy  of e i g h t  d a t a  
c o l l e c t i o n  procedures b e  c a r r i e d  ou t .  I d e a l l y  t h i s  s tudy would be 
c a r r i e d  ou t  i n  t h r e e  o r  f o u r  d i f f e r e n t  geographic a r e a s  of varying 
u r b a n i c i t y  i n  o r d e r  t o  i n c r e a s e  t h e  g e n e r a l i z a b i l i t y  of r e s u l t s .  This  
s tudy  would be c a r r i e d  ou t  over a per iod of t e n  t o  twelve weeks, 
sampling f o u r  households per  day i n  each methodological  group i n  o rder  
t o  o b t a i n  a t o t a l  of about 250 p a r t i c i p a t i n g  households i n  each group 
(2000 households i n  a l l ) .  Th i s  sample s i z e  would be s u f f i c i e n t  t o  
d e t e c t  a t  a 95% l e v e l  of s i g n i f i c a n c e  group d i f f e r e n c e s  of 7-92 i n  t h e  
mean number of repor ted  t r i p s  pe r  household,  according t o  Thomas Walsh, 
Asst. Chief f o r  Consumer Surveys i n  t h e  Census Bureau's Demographic 
Surveys Div i s ion .  
The e i g h t  methods t o  be compared inc lude  two "simple-recall"  
r e t r o s p e c t i v e  procedures ,  f o u r  one-day t r i p  l o g  p rospec t ive  procedures ,  
and two seven-day d i a r y  p rospec t ive  procedures.  S p e c i f i c a l l y  they a r e :  
C 1 .  (Standard Simple R e c a l l )  In-person home in te rv iew preceded by 
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a g e n e r a l  respondent l e t t e r  a s  i n  t h e  1977-78 NPTS and c a r r i e d  
o u t  a s  soon a f t e r  t h e  p redes igna ted  Trave l  Day a s  p o s s i b l e .  
C2. (RDD Simple R e c a l l )  Random d i g i t  d i a l i n g  te lephone i n t e r v i e w  
c a r r i e d  out  a s  soon a f t e r  t h e  predesignated Trave l  Day a s  
p o s s i b l e .  Obviously no p r i o r  respondent l e t t e r  would be 
p o s s i b l e .  
C3. (Mail-Home T r i p  Log) Elailing of a respondent l e t t e r  wi th  one- 
day t r i p  l o g  forms p r i o r  t o  t h e  predesignated Trave l  Day, 
followed by an  in-person home i n t e r v i e w  t o  c o l l e c t  t h e  t r i p  
logs  and o t h e r  household da ta .  
C4. (Home-Home T r i p  Log) Mai l ing of a g e n e r a l  respondent l e t t e r ,  a 
home in-person i n t e r v i e w  p r i o r  t o  t h e  p redes igna ted  Trave l  Day 
t o  o b t a i n  g e n e r a l  household in format ion  and t o  l e a v e  t h e  
a p p r o p r i a t e  number of one-day t r i p  l o g  forms f o r  t h e  household 
d r i v e r s ,  and a home in-person i n t e r v i e w  a s  soon a s  p o s s i b l e  
a f t e r  t h e  T r a v e l  Day t o  c o l l e c t  and review t h e  t r i p  l o g s  and 
t o  seek in format ion  about any non-recorded t r i p s .  
C5. (Home-Telephone T r i p  Log) Same a s  C 4  except t h a t  t h e  p o s t  
Travel  Day i n t e r v i e w  would be  conducted by t e lephone  when a 
te lephone number had been ob ta ined  i n  t h e  in-person in te rv iew,  
and t h e  t r i p  l o g s  would be  mailed back. 
C6. (RDD-Telephone) Random d i g i t  d i a l i n g  te lephone i n t e r v i e w  
enough b e f o r e  t h e  predesignated Trave l  Day t o  permit  mai l ing  
of t h e  a p p r o p r i a t e  number of t r i p  l o g  forms when s e l e c t e d  
respondents  a r e  w i l l i n g  t o  p rov ide  t h e i r  name and address ,  
followed by a second te lephone  in te rv iew a s  soon a f t e r  t h e  
Trave l  Day a s  poss ib le .  The t r i p  l o g  forms would a l s o  be  
mailed back. 
C7. (Home-Home Diary wi thout  Compensation) Mailing of a g e n e r a l  
respondent l e t t e r ,  a home in-person i n t e r v i e w  p r i o r  t o  t h e  
p redes igna ted  Trave l  Week t o  o b t a i n  g e n e r a l  household 
in format ion  and t o  l e a v e  a seven-day t r i p  d i a r y ,  and an in- 
pe rson  in te rv iew t o  c o l l e c t  and review t h e  t r i p  d i a r i e s .  A s  
i n  t h e  1978-79 Canadian Nat iona l  Driving Survey, t h e r e  would 
a l s o  be  two o r  t h r e e  reminder phone c a l l s  dur ing t h e  Travel  
Week. 
C8. (Rome-Home Diary wi th  Compensation) Same a s  C7 except 
p a r t i c i p a t i n g  households would r e c e i v e  $20 f o r  s u c c e s s f u l l y  
keeping t h e  t r i p  d i a r i e s .  
Some of t h e  s p e c i f i c s  of t h e s e  e i g h t  methods would n o t  b e  f i n a l i z e d  
u n t i l  t h e  completion of a n a l y s i s  of t h e  f i r s t  s t a g e  V a l i d a t i o n  Study. 
For i n s t a n c e  t h e  C 2  Random D i g i t  Dia l ing  method might be  dropped from 
t h e  Comparative Study i f  t h e  V a l i d a t i o n  Study demonstrated t h a t  
te lephone t r i p  r e c a l l  was s i g n i f i c a n t l y  i n f e r i o r  t o  in-person t r i p  
r e c a l l .  On t h e  o t h e r  hand, t e lephone  sampling and in te rv iewing  c o s t s  
a r e  expected t o  be  cons iderab ly  cheaper than in-person sampling and 
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in te rv iewing  c o s t s ,  and t h e  two procedures  a r e  worth comparing d i r e c t l y  
i f  t h e r e  i s  no evidence of s e r i o u s  d i f f e r e n c e s  i n  t r i p  r e c a l l  by t h e  two 
in te rv iewing  methods . 
Also informat ion from t h e  f i r s t - s t a g e  V a l i d a t i o n  Study would be 
used t o  determine whether t h e  s p e c i a l  probing technique should be used 
i n  t h e  q u e s t i o n  des ign  f o r  t h e  Comparative Study, and t o  determine 
whether t o  inc lude  t r i p  mapping a s  p a r t  of t h e  one-day in-person 
i n t e r v i e w s  (Cl ,  C3, C4). Mapping would n o t  be  f e a s i b l e  i n  te lephone 
i n t e r v i e w s ,  and i t  seems t h a t  i t  would be too  g r e a t  a respondent burden 
f o r  t h e  seven-day d i a r y  i n t e r v i e w s ,  a l though mapping might b e  used f o r  
t r i p s  on ly  on t h e  l a s t  day of t h e  Trave l  Week. 
It i s  apparent  t h a t  s u b s t a n t i a l  d i f f e r e n c e s  i n  c o s t s  would be 
expected among t h e s e  v a r i o u s  procedures ,  ranging from t h e  C2 s i n g l e  
te lephone in te rv iew t o  t h e  C8 double home v i s i t  p l u s  respondent 
compensation. I n  g e n e r a l ,  procedures  using double home v i s i t s  (C4, C7, 
C8) would be expected t o  c o s t  more p e r  household than procedures  using 
s i n g l e  home v i s i t s  (Cl,  C3, C5) which i n  t u r n  would c o s t  more than 
te lephone only  procedures  (C2, C6), bu t  i d e a l l y  C7 and C8 would provide 
seven t imes a s  much d a t a  per  household and thus  they would be expected 
t o  be cheapest  on t h e  b a s i s  of c o s t  p e r  repor ted  t r i p .  
The purpose of t h e  Comparative Study i s  t o  o b t a i n  concre te  d a t a  on 
t h e  r e l a t i v e  t r ade-of f s  between c o s t s  and d a t a  q u a l i t y .  S p e c i f i c a l l y ,  
i t  should provide t h e  fol lowing types  of informat ion e s s e n t i a l  f o r  
f i n a l i z i n g  t h e  NEDS design:  
1. The e x t e n t  of unrepresentedness  of a random d i g i t  d i a l i n g  
sample i n  t e r n s  of missing t r i p  in format ion  (from ana lyz ing  t h e  
p ropor t ion  of t r i p s  and m i l e s  repor ted  by respondents  without 
a v a i l a b l e  te lephones  i n  t h e  C 1 ,  C3-C5, and C 7 4 8  methods). 
2. The e x t e n t  of no-driver households wi th  and wi thout  an 
a v a i l a b l e  telephone.. 
3. Comparison of t h e  e x t e n t  t o  which respondents  w i l l  a c t u a l l y  
complete a one-day t r i p  l o g  r e q u i r i n g  odometer readings  
(C3-C6), i n  r e l a t i o n  t o  t h e  d i f f e r e n t  methods of p r e s e n t a t i o n  
and follow-up (mail-home, home-home, home-telephone, telephone- 
mail- telephone) . 
4. Comparison of t h e  e x t e n t  of completion of a seven-day t r i p  
d i a r y  i n  r e l a t i o n  t o  providing o r  not  providing compensation 
(C7 v e r s u s  C8). 
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5 .  Comparison of t h e  e x t e n t  of completion of a one-day t r i p  l o g  
p resen ted  and followed up i n  person w i t h  t h e  e x t e n t  of 
completion of a seven-day t r i p  d i a r y  presented and followed up 
i n  person.  
6 .  Comparison of mean number and v a r i a n c e  of d a i l y  t r i p s  r e p o r t e d  
p e r  household and p e r  d r i v e r  f o r  t h e  e i g h t  methodsD 
7. Comparison of complete d a t a  and p a r t i a l  d a t a  response r a t e s  f o r  
t h e  e i g h t  methods. 
8. Comparison of t h e  u n i t  c o s t s  pe r  household,  p e r  d r i v e r ,  and p e r  
repor ted  t r i p  f o r  t h e  e i g h t  methods. 
9. Comparison of t h e  e x t e n t  of miss ing d a t a  r a t e s  on v a r i o u s  
v a r i a b l e s  f o r  t h e  e i g h t  methods. 
The Household Clus t e r i n q  Study -
As  mentioned p r e v i o u s l y ,  i t  seems probable  t h a t  a des ign  involving 
i n t e r v i e w s  w i t h  a l l  d r i v e r s  i n  s e l e c t e d  households would be more c o s t  
e f f e c t i v e  than a des ign  invo lv ing  s e l e c t i n g  j u s t  one d r i v e r  pe r  
household. The t a k e - a l l  approach a l s o  h a s  t h e  advantage of providing 
a d d i t i o n a l  i n t e r e s t i n g  d a t a  on intra-household d r i v i n g  p a t t e r n s .  
However, b e f o r e  f i n a l i z i n g  t h i s  a s p e c t  of t h e  NEDS des ign  i t  would be 
h i g h l y  d e s i r a b l e  t o  ana lyze  some p a s t  survey d a t a  i n  which t h e  r e l a c i v e  
e f f e c t s  of t h e  two procedures  can be  determined. 
The l o g i c a l  d a t a  set f o r  t h i s  purpose is t h e  1977-1978 Nationwide 
Persona l  T r a n s p o r t a t i o n  Survey r e c e n t l y  conducted by t h e  Census Bureau 
i n  20,000 American households. I t  should be  p o s s i b l e  t o  randomly choose 
a s i n g l e  d r i v e r  respondent w i t h i n  each household and t o  compare t h e s e  
t r i p  d a t a  from t h e  subsample w i t h  t h e  t r i p  d a t a  obta ined from t h e  t o t a l  
sample of a l l  household d r i v e r s .  The key comparisons t o  be made involve 
t h e  sampling e r r o r s ,  des ign  e f f e c t s ,  and rohs  of v a r i a b l e s  of i n t e r e s t  
such a s  mean number of t r i p s ,  p ropor t ions  of mi les  d r i v e n  by d i f f e r e n t  
s e x  and age groups,  p ropor t ions  of mi les  d r i v e n  f o r  d i f f e r e n t  purposes ,  
p ropor t ions  of mi les  d r i v e n  i n  d i f f e r e n t  v e h i c l e  types ,  and p ropor t ions  
of mi les  d r i v e n  w i t h  d i f f e r e n t  v e h i c l e  occupancy p a t t e r n s .  To t h e  e x t e n t  
t h a t  t h e r e  i s  a l a r g e  roh from c l u s t e r i n g  d r i v e r s  by households ,  t h e  
sampling e r r o r  would be reduced i n  t h e  s i n g l e  d r i v e r  subsample, but t h e  
sampling e r r o r  would a l s o  be  inc reased  by t h e  square  r o o t  of t h e  
pe rcen tage  decrease  i n  t h e  t o t a l  number of d r i v e r s  i n  t h e  s i n g l e - d r i v e r  
subsample compared t o  t h e  t o t a l  household sample. While it  seems 
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doubt fu l  t h a t  t h e  c l u s t e r i n g  e f f e c t  would be l a r g e  enough t o  
counterbalance t h e  sample s i z e  e f f e c t ,  i t  i s  important t o  t e s t  t h i s  
r e l a t i o n s h i p  e m p i r i c a l l y  i n  a l a r g e  d a t a  s e t  l i k e  t h a t  of NPTS. 
Another f a c t o r  which should be taken i n t o  account i n  dec id ing  about 
a s i n g l e  d r i v e r  p e r  household versus  a l l  d r i v e r s  i n  each household i s  
t h e  degree  of d i f f i c u l t y  a n t i c i p a t e d  i n  l i s t i n g  a l l  d r i v e r s  and 
fol lowing a p resc r ibed  s e l e c t i o n  procedure.  Such a process  c e r t a i n l y  
i n c r e a s e s  t h e  complexity of t h e  in te rv iewer ' s  t a s k ,  and i t  has  t o  t ake  
p l a c e  e a r l y  i n  t h e  i n i t i a l  household c o n t a c t  a t  a time when t h e  
respondent may b e  r a t h e r  s u s p i c i o u s  about t h e  in te rv iew.  Thus such a 
s e l e c t i o n  procedure may l e a d  t o  a decreased response r a t e ,  and of course  
t h e r e  i s  a l s o  cons iderab le  l i k e l i h o o d  t h a t  t h e  s e l e c t e d  respondent w i l l  
n o t  be  a t  home. On t h e  o t h e r  hand, t h e  perceived burden of household 
p a r t i c i p a t i o n  would c l e a r l y  b e  l e s s  i f  only  one d r i v e r  was asked t o  
r e p o r t  h i s l h e r  t r i p s ,  and wi th  t h e  one-day t r i p  l o g  and e s p e c i a l l y  wi th  
t h e  seven-day d i a r y  procedures  s e l e c t i n g  a s i n g l e  d r i v e r  might l ead  t o  
an  improved r a t e  of s a t i s f a c t o r y  p a r t i c i p a t i o n .  
A f o u r t h  f a c t o r  t o  b e  taken i n t o  account i n  t h i s  d e c i s i o n  i s  c o s t .  
Obviously,  t h e r e  a r e  increased c o s t s  t o  in te rv iewing  a l l  d r i v e r s  r a t h e r  
than  j u s t  one d r i v e r  p e r  household,  even i f  a l l  d r i v e r s  happen t o  be 
p r e s e n t  a t  t h e  time of t h e  s u c c e s s f u l  c a l l  and e s p e c i a l l y  i f  one o r  more 
d r i v e r s  a r e  absen t  and have t o  be con tac ted  l a t e r .  Again, t h e  NPTS 
exper ience should be u s e f u l  i n  e s t i m a t i n g  t h e  marginal  cos t  of 
in te rv iewing  a l l  household d r i v e r s  v e r s u s  a s i n g l e  d r i v e r  pe r  household. 
5.4 Sample S i z e  and Estimated Costs 
Once t h e  t h r e e  s t u d i e s  o u t l i n e d  above a r e  completed, i t  w i l l  be 
p o s s i b l e  t o  make a d e c i s i o n  about t h e  most c o s t - e f f e c t i v e  d a t a  
c o l l e c t i o n '  procedures  i n  t h e  sample households. Using t h e  c o s t  
in fo rmat ion  obta ined i n  t h e s e  s t u d i e s  i t  w i l l  then be  p o s s i b l e  t o  
e s t i m a t e  t h e  t o t a l  sample s i z e s  which can be s t u d i e d  a t  t h e  t h r e e  
suggested l e v e l s  of annual FEDS c o s t :  $1,500,000; $1,000,000; and 
$500,000. Once t h e s e  sample s i z e s  a r e  determined, i t  w i l l  a l s o  be  
p o s s i b l e  t o  e s t i m a t e  t h e  r e l a t i v e  l e v e l s  of p r e c i s i o n  f o r  some key 
exposure v a r i a b l e s  a t  t h e  t h r e e  t o t a l  sample s i z e s  if they were n a t i o n a l  
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s i m p l e  random samples. However, t h e  a c t u a l  expected  i n c r e a s e s  i n  
sampling e r r o r s  from c l u s t e r i n g  t h e  NEDS samples i n  t h e  NASS PSUs would 
b e  imposs ib l e  t o  e s t i m a t e  a c c u r a t e l y  i n  advance of t h e  a c t u a l  XEDS d a t a  
c o l l e c t i o n  and a n a l y s i s .  
P i l o t  Study Timing and Cos t s  
As mentioned above,  t h e  V a l i d a t i o n  and Comparative S t u d i e s  a r e  
i n t e n d e d  t o  be  c a r r i e d  o u t  i n  sequence  w i t h  in fo rma t ion  ga ined  i n  t h e  
V a l i d a t i o n  Study a p p l i e d  t o  f i n a l i z i n g  t h e  d e s i g n  of t h e  Comparative 
Study. The sugges t ed  d a t a  c o l l e c t i o n  p e r i o d  f o r  t h e  V a l i d a t i o n  Study i s  
t e n  weeks, a l t hough  t h i s  cou ld  b e  s h o r t e n e d ,  and a  s i m i l a r  d a t a  
c o l l e c t i o n  p e r i o d  i s  sugges ted  f o r  t h e  Comparative Study. I d e a l l y  about  
six months would b e  a v a i l a b l e  f o r  p l ann ing ,  d a t a  c o l l e c t i o n ,  and 
a n a l y s i s  of each s t u d y ,  t h u s  r e q u i r i n g  twe lve  months f o r  t h e  t o t a l  p i l o t  
s t u d y  program. The Household C l u s t e r i n g  Study could  be c a r r i e d  o u t  
w i t h i n  a three-month p e r i o d  anytime a f t e r  t h e  1977-78 NPTS d a t a  t a p e  
becomes a v a i l a b l e  i n  e a r l y  1979. 
It i s  d i f f i c u l t  t o  e s t i m a t e  p r e c i s e l y  t h e  t o t a l  c o s t s  f o r  t h e  
proposed p i l o t  s tudy .  I f  c a r r i e d  o u t  w i t h  HSRI a s s i s t a n c e  t o  a  h i g h  
q u a l i t y  su rvey  o r g a n i z a t i o n ,  such  a s  t h e  Census Bureau o r  t h e  U n i v e r s i t y  
of Michigan I n s t i t u t e  f o r  S o c i a l  Research ,  i t  appea r s  t h a t  t h e  
V a l i d a t i o n  Study would c o s t  abou t  $65,C00; t h e  Comparative Study would 
c o s t  abou t  $220,000; and t h e  Eousehold C l u s t e r i n g  Study would c o s t  about  
$5,000. Thus t h e  t o t a l  e s t i m a t e d  c o s t  f o r  t h e  p i l o t  s t u d y  program i s  
$290,000. 
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